Application No. 10/782,376 

Amendment dated March 21, 2007 

Reply to Office Action of December 21, 2006 



Docket No.: 04266/100J959-US2 



REMARKS 

I. Status of the Claims 

Claims 27, 28, 37-42 and 51-92 are pending in the application. Claims 37-42, 51-81, 
83, 84 and 92 have been withdrawn from consideration by the Examiner as being drawn to a non- 
elected invention. No claims have been amended or added. By this amendment, no new matter has 
been added to the application. 

II. Priority 

Pursuant to the Examiner's request, the specification on page 1 , in the paragraph 
beginning on line 6, has been amended to reflect that Ser. No. 10/214,286 is now issued U.S. Patent 
No. 6,852,737. 

in. Claim Rejections Under 35 U.S.C. § 1020)) 

Claims 27, 28, 82 and 85-91 are rejected as allegedly anticipated by Sartani et ai, 
U.S. Patent No. 5,767,136 ("Sartani") and Testa et al (1997) Cardiovascular Drug Reviews 
15(3): 187-2 19 ("Testa"). The Examiner alleges that since both Sartani and Testa disclose 
lercanidipine, each reference anticipates the pending claims to Form II lercanidipine. The rejection 
is respectfully traversed, on the grounds that neither Sartani nor Testa discloses Form II 
lercanidipine. 

Anticipation requires that every element set forth in a claim be disclosed explicitly or 
inherently in a single reference. The instant claims are directed to a crystalline polymorph of 
lercanidipine that is designated "Form II," and which is identifiable by its physical characteristics, 
e.g., characteristic peaks obtained upon X-ray diffraction. Neither Sartani nor Testa discloses a 
crystalline lercanidipine having X-ray diffraction peaks that are characteristic of Form II or having 
the other physical properties of the Form II polymorph. Thus, neither Sartani nor Test explicitly 
discloses lercanidipine Form II lercanidipine. Neither does Testa or Sartani implicitly disclose 
lercanidipine Form II. Hence, neither Sartani nor Testa sets forth conditions for making 
lercanidipine that would be expected to yield Form H Example 3 of Sartani cited by the Examiner 
includes only a general discussion of recrystallization of lercanidipine hydrochloride. Example 3, 
however, fails to provide any guidance as to which crystallization conditions would result in Form 
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II. Testa fails to provide any guidance useful for the crystallization of lercanidipine or for obtaining 
lercanidipine polymorphs. Thus, the section of Testa on page 189 pointed out by the Examiner 
merely describes the physico-chemical properties of lercanidipine without reference to any 
crystalline form or methods of making crystalline lercanidipine. The physico-chemical properties 
for lercanidipine disclosed in Testa do not describe Form II lercanidipine. 

Crystallization conditions can and often do determine which polymorphic form of a 
compound is obtained. The Examiner points to no crystallization conditions -no particular starting 
material, solvent, temperature or cooling rate, no instructions to seed or not seed, no filtering or 
drying conditions - in either Sartani or Testa that would invariably lead to Form II. These 
conditions are very important and can be determinative of the polymorphic form obtained, as 
illustrated from various other instances in the patent literature: 

(1) Different polymorphs can be obtained from different solvents. See, e.g.,: 

U.S. Patent No. 5.872.132 . Paroxetine hydrochloride anhydrate form B 
obtained from n-butanol (Ex. 7) v. form C obtained from toluene (Ex. 8). 

WO 01/15700. N-methyl-N-(3-{3-[2-thienylcarbonyl]-pyrazol-[l,5-a]- 
pyrimidin-7-yl}phenyl)acetamide Form I obtained from acetone (Ex. 2) or 
acetone/dichloromethane (Ex. 4) v. Form II obtained from methanol (Ex. 3). 

■ WO 00/78729. Lansoprazole form II with small amount of form I obtained 
from ethanol (Ex. 1) v. form I obtained from acetone (Ex. 2). 



(2) Different polymorphs may also be obtained from the same solvent, depending on 
variations in crystallization conditions or drying steps. Even minor variations in conditions 
can result in a different crystalline product. See, e.g.,: 

U.S. Patent No. 5.248.699. Discloses that sertraline Forms I, II, and IV may 
be formed from the same organic solvents. Forms II and IV are formed by rapid 
crystallization. Slow crystallization or granulation of sertraline hydrochloride 
produces Form I. '699 Patent at col. 10, lines 45-49. Furthermore, the sertraline 
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polymorphs can be interconverted by heating or granulation. Id. at col. 10, lines 50- 
55. 

U.S. Patent No. 5,412,095. Three polymorphs of terazosin monohydrochloride can 
be obtained from the same starting material (terazosin monohydrochloride 
methanolate) using the same solvent (ethanol). Terazosin Form I was obtained 
following dissolving terazosin monohydrochloride methanolate in hot absolute 
ethanol, cooling slowly to ambient temperature and standing overnight, and washing 
with dry acetone. (Ex. 5). Terazosin Form II was obtained by heating a slurry of 
terazosin monohydrochloride methanolate in absolute ethanol under reflux for 
approximately 24 h and cooling. (Ex. 6). Terazosin Form III was obtained by 
heating a slurry of terazosin monohydrochloride methanolate in absolute ethanol at 
50°C for 30 min, followed by cooling in an ice bath and filtering. (Ex. 8). 

■ U.S. Patent No. 5,120.850. Describes obtaining different polymorphs of 
famotidine from the same solvents, depending on the cooling rate used during 
crystallization. Form A is obtained by starting with a hot solution and using a 
relatively slow cooling rate. '850 Patent at col. 2, lines 20-23. Form B is obtained 
by rapid cooling, which leads to rapid oversaturation. '850 Patent at col. 2, lines 23- 
29. Hence, Form A can be obtained by crystallization during slow cooling from 
boiling water or hot 50% methanol, 50% aqueous isopropanol, whereas Form B can 
be obtained from boiling water or hot 75% methanol, 50% aqueous isopropanol by 
placing the crystallization solution in an ice bath or pouring over ice (compare Ex. 
1/1, 1/2 and 1/4 to Ex. JJJl, II/2, and II/3). 

Thus, the foregoing examples illustrate that general guidance as to choice of 
solvents, cooling and drying conditions is not sufficient guidance to allow one of ordinary skill in 
the art to reproducibly obtain a particular polymorph. It cannot be presumed that all crystallization 
procedures falling within a general guidance for crystallization conditions will yield the same 
crystalline form. 

With respect to the instant claims, the application makes clear that a simple reference 
to "crystalline lercanidipine" cannot be interpreted as a reference to Form II or indeed any other 

13 
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particular crystalline form. The application discloses that it is possible to obtain at least four 
different crystalline forms of lercanidipine hydrochloride. Forms I and II are described in the 
application. Furthermore, the present specification discloses that lercanidipine hydrochloride 
crystalline Forms III and IV exist as well. See specification at page 13, lines 1 8-23. Hence, it is 
clear that crystalline lercanidipine hydrochloride can be present in several different physical forms. 
Each of these lercanidipine crystalline forms is obtainable by crystallization from, e.g., a "protic" 
solvent, depending on the precise conditions of crystallization and/or on the starting material. 

With reference to the documents cited by the Examiner, Testa does not describe any 
crystallization conditions. Sartani does not describe crystallization conditions with such 
particularity that they would invariably lead to a particular lercanidipine crystalline form without the 
possibility of variation. Moreover, there will be sets of conditions that will have inherent 
variability. The Court of Appeals for the Federal Circuit has held that a prior art method for 
preparing crystalline forms does not anticipate a later-claimed crystalline form unless the method 
invariably leads to the claimed form. Glaxo Inc. v Novopharm Ltd., 34 USPQ2d 1 565, 52 F.3d 
1043, 1047 (Fed. Cir. 1995), cert, denied, 516 US 988 (1995). There is no condition disclosed in 
Testa or Sartani that would lead invariably to Form II lercanidipine. 

The present specification also dramatically illustrates that both lercanidipine 
hydrochloride Form I and lercanidipine hydrochloride Form II can be obtained following 
recrystallization from the same solvent, 2-propanol, depending on the conditions used . Example 4 
of the present specification discloses preparation of Form I, by dissolving crude lercanidipine 
hydrochloride in 2-propanol under strong reflux and stirring, filtering, cooling to 40°C, maintaining 
the solution at 35°C for 24 h, then at 30°C for an additional 24 h, followed by filtering at 30°C, 
washing with 2-propanol, and drying at 70°C for 24 h. Example 10, by comparison, discloses 
preparation of Form II, by dissolving crude lercanidipine hydrochloride in a mixture of 2-propanol 
and water (8:2) at 60°C, filtering, cooling the solution to 25°C and stirring for 72 h at that 
temperature followed by collection of precipitate and drying. Thus, the instant specification itself 
illustrates the influence of crystallization conditions on the physical form that can be recovered. 
Both of the methods set forth in Examples 4 and 10 fall within the methods for "recrystallization of 
the crude [lercanidipine] hydrochloride compound from a solution of the compound in... a protic 
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solvent," including isopropanol, and optionally including water that are set forth in Sartani (see 
column 7, lines 44-46, 56, and 61). Yet each method produces a different crystalline form. 

Applicants submit that the foregoing is but one demonstration that methods falling 
within the teachings of Sartani can be used to obtain different polymorphs. Thus, Sartani cannot in 
any meaningful way disclose the "same" methods of preparation of crystalline lercanidipine 
hydrochloride that will invariably produce one form of lercanidipine or another. Furthermore, as 
discussed above, Testa does not disclose any method of preparing crystalline forms of lercanidipine. 
Accordingly, the claimed crystalline lercanidipine hydrochloride Form II is not necessarily 
described in Sartani or Testa, nor is it explicitly disclosed. 

For the reasons set forth above, Applicants submit that claims 27, 28, 82 and 85-91 
are not anticipated by Sartani or Testa. Reconsideration of these claims and withdrawal of the 
rejection thereof under 35 U.S.C. § 102(b) is requested. 

IV. Claim Rejections Under 35 U.S.C. § 103(al 

Claims 27, 28, 82 and 85-91 are rejected as allegedly obvious over the combined 
teachings of Sartani and Testa in view of Haleblian et al. (1969) J. Pharmaceutical Sci. 58(8):91 1- 
929 ("Haleblian"); Chemical & Engineering News, Feb. 2003; Brittain et al. (1999) Polymorphism 
in Pharmaceutical Sci. pages 1-2, 185 ("Brittain"); Taday et al. (2003) J. Pharm. Sci. 92(4):83 1-838 
("Taday"); U.S. Pharmacopia #23, National Formulary #18 (1995); Muzaffar et al. (1979) J. 
Pharmacy (Lahore) l(l):59-66 ("Muzaffar"); Jain et al. (1986) Indian Drugs 23(6):315-329 
("Jain"); and Concise Encyclopedia Chemistry (1993) 872-873. 

The Examiner contends that Sartani and Testa teach crystal forms of lercanidipine, as 
well as pharmaceutical compositions. The Examiner further contends that Haleblian, Muzaffar, 
Jain, Taday and Brittain teach that compounds exist as polymorphs, and that Chemical & 
Engineering News, Muzaffar, the U.S. Pharmacopia and the Concise Encyclopedia of Chemistry 
teach that at any particular temperature and pressure, only one polymorph is stable. According to 
the Examiner, the claimed crystalline Form JJ and its properties are suggested by the cited 
references, and therefore, it would have been obvious to one of skill in the art in view of the 
references that lercanidipine would exist in different polymorphic forms. 
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Applicants respectfully traverse this rejection. First, there is no suggestion in either 
Sartani or Testa, or in any of the secondary references to modify or combine their teachings to 
arrive at the claimed lercanidipine Form II polymorph. As discussed above, Sartani provides only a 
general discussion of the crystallization of lercanidipine and does not explicitly or inherently 
disclose lercanidipine Form II. Furthermore, Testa does not remedy the deficiencies of Sartani 
because Testa fails to disclose any crystallization of lercanidipine or any lercanidipine polymorph. 
Neither Sartani nor Testa provides any guidance as to the properties of Form II or methods of 
making the polymorph. The secondary references cited by the Examiner do not cure the 
deficiencies of Sartani and Testa. Furthermore, as illustrated above, crystallization conditions - 
temperature, starting material, solvents, cooling rate, etc. - can and often do influence the 
polymorph form that results, and therefore, one skilled in the art would not have a reasonable 
expectation of success by following the teachings of Sartani, Testa and the secondary references, of 
finding crystallization conditions that would produce lercanidipine Form II. Finally, since none of 
the references cited by the Examiner discloses lercanidipine Form II or a method of making it, the 
references, either alone or combined, do not teach or suggest each and every claim limitation. 

For the reasons set forth above, Applicants submit that claims 27, 28, 82 and 85-91 
are not obvious over Sartani and Testa in view of Haleblian, Chemical & Engineering News, 
Brittain, Taday, U.S. Pharmacopia, Muzaffar, Jain, and the Concise Encyclopedia Chemistry. 
Reconsideration of these claims and withdrawal of the rejection thereof under 35 U.S.C. § 103(a) is 
requested. 

V. Rejections Under 35 U.S.C. § 112, First Paragraph 

Claims 89-91 are rejected under 35 U.S.C. § 1 12, first paragraph for allegedly failing 
to comply with the written description and enablement requirements. With regard to written 
description, the Examiner contends that the specification fails to describe whether or how crystalline 
Form II would be maintained during preparation of the pharmaceutical composition, and fails to 
describe the pharmaceutical compositions in terms of X-ray diffraction or other physical data 
showing that the claimed polymorphic form is maintained. The Examiner also contends that the 
specification does not describe how Form II will be maintained when used in treatment. The 
Examiner cites Haleblian, Wall (1986) Pharmaceutical Manufacturing 3(2):33-34 and Jain as 
allegedly teaching that manufacturing processes affect polymorphs; Taday as allegedly teaching that 
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incorrect storage or tablet preparation can affect the polymorphic state of a drug; and Doelker 
(2002) Annales Pharmaceutiques Francaises 60(3): 161 -176 as allegedly teaching that the 
environment of a polymorph can affect the polymorphic state. Furthermore, the Examiner cites 
Chemical & Engineering News as allegedly teaching that the formulation of drugs in metastable 
forms will cause the drug to convert to its most stable form and Otsuka et al. (1999) Chem. Pharm. 
Bull 47(6):852-856 as allegedly teaching that a particular drug, carbamazepine, changes 
polymorphic form during preparation and formulation. 

With regard to the enablement rejection, the Examiner contends that undue 
experimentation would be required to make pharmaceutical compositions containing crystalline 
Form II of lercanidipine. The Examiner bases her rejection on the content of the disclosure and the 
breadth of the claims, the level of unpredictability in the art, and the allegedly poor amount of 
direction provided in the specification. 

Applicants respectfully traverse the rejection of claims 89-91 as allegedly lacking 
written description. Applicants submit that the Examiner has not met her burden of showing that 
the written description is inadequate. The description is presumed to be adequate unless or until 
sufficient evidence or reasoning to the contrary is presented to rebut the presumption. See In re 
Marzocchi, 439 F.2d 220, 224 (C.C.P.A. 1971). None of the references cited by the Examiner 
teaches that lercanidipine Form II changes to another polymorphic form during manufacture, 
formulation or storage. The cited references either provide a general teaching that a polymorphic 
form (and especially a metastable polymorphic form) of a chemical may change during 
manufacture, formulation or storage, or disclose examples of chemical compounds other than 
lercanidipine where a polymorphic form has changed. 

As disclosed in the specification, lercanidipine Form II is a stable polymorph that has 
a high melting point (1 97-20 1°C), a lower solubility in aqueous media and in absolute ethanol 
compared to lercanidipine Form I, exhibits no weight loss up to its melting point in gravimetric 
analysis, and is non-hygroscopic. See specification at page 1 1 , line 19-22; page 40, lines 15-17; 
page 42, lines 1-2; and Example 15, pages 42-43. It is well known in the art that crystalline solids 
generally make better active pharmaceutical ingredients ("API"). See Remington: The Science and 
Practice of Pharmacy 20"' ed. (Alfonso R. Gennaro, ed., 2000), page 705 (attached hereto at Exhibit 
A). Furthermore, it is well known that stable polymorphs are usually desired for APIs because 
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metastable forms are prone to chemical and physical instability. See, e.g., Exhibit A at page 706; 
Singhal & Curatolo (2003) Adv. Drug Delivery Rev. 56:335-347 at 336-337 (attached hereto at 
Exhibit B). Lercanidipine Form II is a stable polymorph that is desirable for pharmaceutical 
formulation. Furthermore, the specification discloses a number of suitable pharmaceutical 
excipients for use in the lercanidipine Form II pharmaceutical compositions. Therefore, the 
specification conveys with reasonable clarity to one skilled in the art that the applicants were in 
possession of the claimed pharmaceutical compositions. 

For the reasons set forth above, Applicants submit that claims 89-91 are adequately 
described in the specification. Reconsideration of these claims and withdrawal of the rejection 
thereof under 35 U.S.C. § 1 12, first paragraph is requested. 

Applicants also respectfully traverse the rejection of claims 89-91 as allegedly 
lacking enablement. First, as pointed out above with respect to the written description rejection, 
lercanidipine Form II is a stable polymorph, and a limited number of suitable pharmaceutical 
excipients for use in compositions containing Form II are disclosed in the specification. Second, 
pharmaceutical compositions containing a polymorphic form of an active ingredient and methods of 
making such compositions are well known in the art. See, e.g., Physicians ' Desk Reference 58 th ed. 
(Thomson 2004) for representative examples of drug formulations containing crystalline APIs in 
different formulations - TIAZAC®, REMERONSolTab®, ZITHROMAX®, ZOLOFT® and 
AMBIEN® (attached hereto at Exhibit C). Moreover, a pharmaceutical composition (tablet) 
containing microcrystalline lercanidipine hydrochloride, lactose, microcrystalline cellulose, sodium 
starch glycollate, povidone and magnesium stearate is known and is available by prescription under 
the name ZANIDIP® See ZANIDLP® prescribing information, available at 
http :// ww.pbs.gov.au/pi/smpzanid3 1 205 .pdf last visited March 20, 2007 (attached hereto at 
Exhibit D). Thus, the Examiner has provided no reasonable basis to believe that the specification 
fails to enable the full scope of claims 89-91. The rejection should thus be withdrawn. 

For the reasons set forth above, Applicants submit that claims 89-91 are enabled by 
the specification. Reconsideration of these claims and withdrawal of the rejection thereof under 35 
U.S.C. § 1 12, first paragraph is requested. 
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VI. CONCLUSION 

This application is believed to be in condition for allowance, which is earnestly 

solicited. 

Dated: March 21, 2007 Respectfully submitted, 

B y (W,J),W# ^ 
Anna D. DiGabriele 

Registration No.: 59,933 
DARBY & DARBY P.C. 
P.O. Box 5257 

New York, New York 1 0 1 50-5257 
(212) 527-7700 
(212) 527-7701 (Fax) 
Attorneys/ Agents For Applicant 
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pH-SOLUBILITY PROFILES 

For a weak base, a plot of solubility versus pH will show the 
highest solubility at low pH and the lowest solubility at high 
pH; for weak acids, the opposite is true. Such plots give a 
graphic view of the impact of ionization on solubility for an 
NCE. The pH range of the small intestine, where oral absorp- 
tion generally occurs, is. approximately 6.5 to 8. It is undesir- 
able to have a compound totally charged or uncharged in this 
region. If it is entirely charged, there are no un-ionized species 
that can be transported across the GI membrane. If it is totally 
uncharged, there are no charged species to enhance solubility. 
For a monoprotic NCE, the pp^ denotes the pH where the 
number of charged and uncharged species in solution are equal. 
On the ionized side of the pr^, the solubility of the salt limits 
the maximum solubility. The solubility decline at very low pHs 
is due to activity and solubility-product effects. 3-5 On the un- 
ionized side, the solubility of A 6 (the intrinsic solubility) marks 
the lowest solubility. Salts promote a saturated solution to be 
formed at a pH that is on the ionized side of the pK„. They 
cannot alter the pK^ or the intrinsic solubility. Using these 
parameters, a qualitative pH-solubility profile can be con- 
structed. Figure 38-5 shows pH-solubility profiles for different 
counter-acid salts. 

The synthesis of salts depends on 

1. A proton-exchange reactivity between A 0 and the counter-acid/base 

2. A long-range order that permits crystal formation. 

The discussion that follows will focus on forming salts from 
weak bases, because they comprise the majority of the new 
drug candidates. Weak acids would be treated analogously. 

SALT-FORMING REACTIVITY POTENTIAL 

In order for a salt to form, both the weak base, A 0 , and the 
counter-acid, HAn, must have sufficiently different pK^ values 



such that a Bronsted-Lowry proton transfer from HAn to A 0 
can take place. Table 38-2 gives potential counter-ions and 
their pKb values from a listing of all drugs approved worldwide 
from 1983 to 1996. An acid- base proton transfer should be 
possible as long as the pit,, of HAn is less than that of the weak 
base A 0 (recall that the pKj, of A 0 is referenced to its protonated 
form A°H + ; see Solid-State Character, page 702). If ApK,, is 
defined as 

ApK„ = pK. (weak base) - pK„ (HAn) (12) 

a salt-forming reaction should be possible as long as ApKg is 
positive. For example, a succinate salt (pp^ 4.2) with doxyl- 
amine (pK^ 4.4) is possible 6 where the ApK^ is 0.2. Neverthe- 
less, the greater the ApK,,, the greater the probability that a 
salt can be formed. Because the pK,, values in Table 38-2 are 
calculated for an aqueous environment, this rule must be used 
only as a guide for salt-forming reactivity in organic solvents. 
In an organic solvent in which the dielectric constant is lower 
than water, the ionization equilibria would be shifted: 

HAn <'°' dl ''" H* + An ~ (13) 

AIT H . +A o (14) 

For acridine bases, 50:50 ethanol:water weakens the aqueous 
pK^ by 1.41 pH units. For the counter-acid, HAn, pK^ weaken- 
ing is greater than for the protonated base, A°H + , because of 
the greater solubility of HAn in the organic phase and the 
production of two charges upon ionization. The net effect of 
organic solvent weakening is to reduce the pKg difference be- 
tween the counter-acid and the weak base. This lowers the 
salt-forming reactive potential. Therefore, in a given organic 
solvent, if salt formation fails to occur for a particular aqueous 
ApKo, it is unlikely that salts can be formed in this organic 
solvent with a smaller aqueous AprL,. 
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Figure 38-5. pH solubility profile of a weak base. 3 



VARYING SALT PROPERTIES 
USING COUNTER-ACID GROUPINGS 

For weak bases, salt-forming counter-acids can be used to alter 
an API's solubility, dissolution, hygroscopicity, stability, and 
processing. 6 Table 38-2 shows counter-acids organized into dif- 
ferent functional groups. For each counter-acid, both the pr^, 
and the log P is given where appropriate. A starting point for 
salt expansion must begin with the properties of A 0 . If, for a 
weak base, ApK„ = pK„ A ° - pK^ countor-ae;d, HAn > 0, then 
aqueous salts may be possible. Use of this table and the influ- 
ence of different counter-acids are covered under Decision-Tree, 
Goal-Oriented Approach, page 712. 

CRYSTAL FORMATION REQUIREMENTS 

In general, crystalline solids, including salts, make the most 
promising APIs. The amorphous form of the solid state is usu- 
ally not as stable as crystals, either physically or chemically. 
Crystal formation is a special characteristic of a solid in which 
the molecules self-organize into regular, repeating, molecular 
patterns. Solvents play at least three roles in crystallization. 

1. They provide some solubilizing capacity so that concentrated solu- 
tions can be formed. 

2. They promote the nucleation process. Nucleation may be from a 
pure solution (homogeneous nucleation) or from a seed crystal (het- 
erogeneous nucleation). If a solvent binds too strongly to the mo- 
lecular organizing functionalities of the salt or seed crystal, crys- 
tallization will be impeded. Finding appropriate solvents for crystal 
formation is a very important step in salt expansion. Failure to 
adequately explore and find solvents that can crystallize salts could 
mean that very usable salts would not be evaluated in the salt- 
selection step because they were not synthesized. 
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3. Solvents, temperature, and cooling rate can impact the crystal- 
packing pattern of crystals. Stable polymorphic forms usually are 
desired for APIs. MBtastable forms are normally avoided in an API 
because they are prone to physical and chemical instability. Solvent 
conditions that promote metastable and stable crystal formations 
will be explored under Metastable Polymorph Formation, page 710. 



Salt Selection: Choosing the "Best" API 

Salt selection is the first important API decision from the de- 
velopment perspective. Once a salt is chosen, time-consuming 
and lengthy tosdcological studies are initiated that would have 
to be repeated if the salt form is changed. This decision involves 
choosing a sohd-state phase, jA, which balances potentially 
conflicting needs: increasing absorption versus maintaining an 
API that is consistent and can be manufactured in a market- 
image dosage form (see Compressibility and Compatibil- 
ity, page 712). Figure 38-6 shows some of the factors involved in 
this decision. 

Permeability, solubility (C s ), and pK„ are intrinsic proper- 
ties of A° that have been already determined in the analog 
selection phase (see Fig 38-4). The major dependent variables, 
absorption and consistency of the API, can be manipulated and 
balanced in salt selection. In the following sections, the impact 
of dissolution and particle size on absorption will be explored. 
In addition, the consistency of the API solid state under the 
influence of environmental destabilizing factors — such as expo- 
sure time it), ultraviolet light (UV), pH, moisture (H 2 0), tem- 
perature (T), and pharmaceutical processing operations like 
milling, compression, and compaction — will be considered. 



ABSORPTION ASSESSMENT 

Oral absorption is generally viewed as two-step, sequential 
process: 



A „ lid < » a GI lrn[l f a b]md (15) 




Absorption Consistent API 




Figure 38-6. API salt selection decision: a balance between absorp- 
tion and consistency. 



Either dissolution of solid drug, A ao | ;d , after the dosage form 
disintegrates in the GI tract, or the permeation of the dissolved 
drug, o GI trad, through the GI membrane could be the slowest 
process. The slower of these two steps determines the overall 
rate of absorption and is thus rate-hmiting. 

Dissolution-limited absorption occurs when the rate of ap- 
pearance in the GI tract by dissolution (a GI ) is slower than the 
rate of appearance in the systemic system (a blood ); permeation- 
limited absorption occurs when the a bIood appearance is the 
slowest process. The impact of these two rate processes on in 
vitro-in vivo (IVTV) correlations will be discussed in the section 
Biopharmaceutical Classification of API, page 714. Dissolution- 
limited absorption will now be considered. 

The rate of dissolution of a particle is given by the Noyes- 
Whitney equation, 

dAldt = k d S a [C s - C b „| k ] (non-sink conditions) (16) 

where 

A is the amount of drug dissolved. 

dAldt is the rate of dissolution «? sometimes is used for this rate). 

k d is the intrinsic dissolution constant for the drug. 

S a is the total surface area of the dissolving particle. 

C s is the saturation solubility of the drug at the surface of the particle. 

C bulK is the concentration of the drug in the bulk solution. 

Because the rate of dissolution depends on the concentration 
difference between C s and C bu)k , the maximum rate of disso- 
lution would occur if C bulk = 0 (ie, if drug was removed from 
solution as fast as it dissolved). This would be analogous to a 
sink that could drain the water coming out of a water faucet as 
fast as it comes in so that the water level never built up. This 
analogy is the basis for referring to Equation 16 as nonsink 
conditions for dissolution, because drug does build up in the 
solution and the rate of dissolution is correspondingly reduced. 

The expression for the maximum dissolution rate is found 
by setting C bulk equal to 0: 7 

dAldt = k i S a C 4 . (sink conditions) (17) 

This initial rate of the Noyes-Whitney equation is termed sink 
conditions for the dissolution rate. 

Particle-Size Effects — For a spherical drug particle of radius 
r, amount m, and of density o, Equation 17 can be rewritten as 

dAldt. = (3fe d m/p) (1/r) C s (18) 

This expression emphasizes the inverse relationship between 
the dissolution rate, dAldt, and the particle size r, assuming no 
dissolution rate-reducing factors are present such as adsorbed 
air bubbles or aggregated particles. 

Smaller particles dissolve faster than larger particles. Thus 
milling, a pharmaceutical unit-operation, increases dissolution 
because the API particle size is reduced. On the other hand, 
when drug particles are suspended in an aqueous solution, 
particles can increase in size due to recrystallization growth 8 
(Fig 38-7). Dosing such suspension orally would be expected to 
reduce absorption because of a reduction in the dissolution 
rate. 

Reactive Media 1: Implications for Salts of Weak Acids and 
Weak Bases — When a drug reacts with gastric fluids, its disso- 
lution deviates from Equation 17. For dissolution in 0.1 N HCI, 
acid- base reactivity is most important for salts of weak acids 
and for free bases. It has been found that the low pH environ- 
ment of the stomach dissolves a salt of a weak acid 10 to 100 
times faster than the weak acid itself. 9 On the other hand, it is 
the free base, and not its HCI salt, that dissolves faster in this 
same environment. 10 These deviations from Equation 17 have 
been shown to be due to differences between bulk-solution pHs 
and the pH at the surface of the drug particle. Thus, Equation 
17 becomes 

dAldt = kJ5.C SJ ,. 0 (19) 
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Abstract 

Formulators are charged with ihe responsibility to formulate a product which is physically and chemically stable, 
mamifaclurable, and bioavailable. Mosi drugs exhibit structural polymorphism, and it is preferable to develop the most 
thermodynamically stable polymorph of the drug to assure reproducible bioavailability of the product over its shelf life under a 
variety of real-world storage conditions. There are occasional situations in which the development of a intestable crystalline or 
amorphous form is justified because a medical benefit is achieved. Such situalions include those in which a faster dissolution 
rale or higher concentration are desired, in order to achieve rapid absorption and efficacy, or to achieve acceptable systemic 
exposure for a low-solubility drug. Another such situation is one in which ihe drug remains amorphous despite extensive efforls 
to crystallize it. If there is no particular medical benefit, there is less justification for accepting the risks of intentional 
development of a nietastable crystalline or amorphous form. Whether or not there is medical benefit, the risks associated with 
development of a metasiable form must be mitigated by laboratory work which provides assurance that (a) Ihe largest possible 
form change will have no substantive effect on product quality or bioavailability, and/or (b) a change will not occur under all 
reasonable real-world storage conditions, and/or (c) analytical methodology and sampling procedures are in place which assure 
that a problem will be detected before dosage forms which have compromised quality or bioavailability can reach patients. 
O 2003 Elsevier B.V All rights reserved. 
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1. Introduction 

The subject of drug polymorphism has received 
extensive academic and industrial attention since the 
early pioneering reports of Aguiar and colleagues at 
Parke-Davis, in which effects of polymorphism on 
dissolution and bioavailability were highlighted for 
chloramphenicol palmitate [1,2]. Dntg polymorphism 
has been the subject of hundreds of publications and 
numerous excellent reviews. For both an overview 
and an in-depth analysis of this complex field, see the 
excellent series of reviews in Volume 48 (2001) of 
Advanced Drug Delivery Reviews [4-9], in "Poly- 
morphism in Phaimaceutical Sciences" edited by 
Britlain [10-19], and in "Solid Stale Chemistry of 
Drugs" by Bym ctal. [20]. In addition, two very clear 
revicws/commenLaries from the regulatory perspective 
have appeared [21,22], 

At this poinl in lime, it would be difficult to say 
anything novel about the effects of polymorphism on 
physical stability, chemical stability, manufacturabil- 
ity, or oral absorption that has not been reviewed in 
the references quoted above. In many respects, the 
1969 review by Haleblian and MeCrone was pre- 
scient in its broad coverage of the issues of polymor- 
phism in pharmaceuticals [23]. In this article, we 
make no effort to review once again Hie vast literature 
on drug polymorphism. Furthermore, we do not here 
discuss theoretical or experimental details of the 
study of polymorphism. Rather, we attempt to pro- 
vide a practical perspective on the impact of poly- 
morphism on chemical stability, manufacturability, 
and bioavailability, with particular attention to a 
limited number of illustrative cases from our experi- 
ence and Ihc literature. Such a practical perspective 
must involve generalizations for whieh there are 
occasional exceptions. 



2. Why develop multiple polymorphs? 

It is generally accepted chat, during the course of 
development of a drug, the lowest energy crystalline 
polymorph should be identified and chosen for devel- 
opment. This is critically important because the posl- 
approval appearance of a polymorph with lower 
energy than the marketed polymorph can be cata- 
strophic, as happened with the HIV protease inhibitor 
ritonavir [24]. For this reason, innovator pharmaceu- 
tical companies expend significant resources on this 
technical issue early in the development of a new 
drug. When executed carefully, the search for the 
lowest energy polymorph is arduous and time-con- 
suming because (a) a variely of physical and chemical 
measurements must be made, and the stability of 
physical and chemical characteristics must be estab- 
lished in real-time storage models, (b) this search is 
not trivial, because a metastable polymorph may 
masquerade as the most stable form, and (c) every 
compound is different (i.e. the identity and properties 
of polymorphs are not theoretically predictable at 
present). The search for drug polymorphs is a com- 
plex empirical exercise, although recent advanees in 
automation promise to make this activity somewhat 
less labor intensive. 

There are three exceptions to the dictum thai only 
the mosl stable polymorph should be developed. The 
first is extremely rare: the situation in which the 
lowest energy polymorph is chemically unstable due 
to the juxtaposition of two reactive groups in adjacent 
molecules in the crystal lattice. Such a "topochem- 
ical" reaction can in principle be avoided by identi- 
fication of a crystalline polymorph in which the 
reactive species are no longer spatially close and/or 
oriented in a manner conducive to reaction. We are 
unaware of any examples of this phenomenon in 
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marketed drugs. The second exception is becoming 
more common, that is, the case of a drug whose 
absorption is solubility-limited and thus cannot 
achieve the systemic exposure required for therapy. 
In this case, a more soluble form of the drug is desired 
to deliver the therapeutic dose. The third exception is 
the situation in which it is desired to increase the 
dissolution rate of a drug to shorten T max and/or 
increase C\ mK in order to bring quick relief for acute 
symptoms. 

In the authors' opinion, when confronted with low 
solubility or the desire to decrease T m]ili or increase 
C im „ it is generally more productive to develop a 
stabilized amorphous form than a metaslable crystal- 
line polymorph. This will be discussed in more detail 
below. 

In each of these three exceptions, a melastable 
polymorph or amorphous form is developed to pro- 
vide a medical benefit. 

If there is a desire to develop a melastable poly- 
morph or amorphous form for a reason which does not 
provide a medical benefit, e.g. for manufacturing ease 
or for some other business reason, then (he developer 
must assure that there is no significant risk to the 
patient. A rigorous laboratory-based analysis of the 
risks involved must be undertaken. This is of course 
also true when there is a medical benefit. In the 
sections below, we discuss the issues involved in the 
development of melastable polymorphs and amor- 
phous forms, and their potential practical significance. 



3. Chemical stability of polymorphs and 
amorphous forms 

The polymorphs (or pseudopolymorphs) of some 
drugs have been shown to exhibit different chemical 
stability. Examples are carbainezcpine [25], paroxe- 
tine maleatc [26], indomethacin [27], methypredniso- 
lone [28], furosemidc [29], and enalapril maleale [30]. 
For example, the photodecay of form II of carbamc- 
zepine was 5- and 1.5-fold faster than forms 1 and IN, 
respectively [25]. In addition to a change in the rate of 
decay, polymorphism may also affect the mechanism 
of decay, as observed in the reactivity of different 
polymorphs of cinnamic acid derivatives [31]. 

It is generally observed that the more thermody- 
namically stable polymorph is more chemically stable 



than a metastablc polymorph. This has generally been 
attributed to higher crystal packing density of the 
thermodyuamically favored polymorph (i.e., the 
"density rule"), but recent investigation suggests that 
other factors, such as optimized orientation of mole- 
cules, and H-bonds and non-hydrogen bonds in the 
crystal lattice play a more important role. Relatively 
small changes in crystal packing may lead to signif- 
icant differences in the crystal packing density and 
chemical reactivity of two polymorphs, as indometh- 
acin polymorphs [27]. Indomethacin can exist as the 
metastablc ct-form and Ihermodynamically favored y- 
form. As an exception to the density rule, the density 
of metastablc ot-fonn (1.42 g/mL) is higher than that 
of the 7-form (1.37 g/mL), suggesting tighter packing 
of the less stable polymorph. Although the metastablc 
en-form has higher density, the ct-form rapidly reacts 
with ammonia vapor while the 7-form is inert to 
ammonia. The lack in correlation between higher 
packing density and lower reactivity of the indometh- 
acin polymorphs is due to the differences in crystal 
packing/hydrogen bonding. Higher density of the ot- 
form is due to the presence of one extra H-bond in the 
crystal lattice. The differences in H-bonding and the 
crystal packing (two centrosymmetric carboxylic 
groups in a-form vs. three asymmetric molecules in 
7-form) leads to a layer motif in the ot-fonn that 
exposes the reactive carboxylic acid group to the 
crystal face, while in the 7-form, H-bonded carboxylic 
acid groups are buried in a hydrophobic cage. Easy 
accessibility of the reactive carboxylic acid groups in 
the a-form combined with the weak H-bond of one 
carboxylic acid group leads to higher reactivity of the 
a-form [27]. 

The intrinsic difference in chemical stability be- 
tween two polymorphs, e.g. a- and 7-indomethacin, 
cannot be overcome, but a less chemically stable 
polymorph can often be formulated in a way winch 
results in acceptable shelf-life. 

In comparison to crystalline polymorphs, the amor- 
phous form of a drug is generally expected to be less 
chemically stable due to the lack of a three dimen- 
sional crystalline lattice, higher free volume and 
greater molecular mobility. The chemical stability of 
amorphous systems has been discussed in detail 
elsewhere [20,32-35]. As early as 1965, amorphous 
penicillin G was shown to be less stable than Hie 
crystalline sodium and potassium salts [36]. Physical 
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change of amorphous molecules from a glassy stale 
(at T< T s ) to a more mobile supercooled liquid state 
(at T>Tg) may further decrease chemical stability. For 
example, Asn-hexapeptidc was found to be 10-100- 
fold more stable in the glassy state compared to its 
supercooled liquid state [37,38]. In addition to higher 
reactivity, the mechanism of degradation may be 
different in crystalline versus disordered materials. 
For example, methyl transfer was the major reaction 
pathway in unmilled crystalline tetraglycine methyl 
ester (TGME). while polycondensation was the major 
reaction pathway in milled TGME [39]. This change 
in mechanism from methyl transfer to polycondensa- 
tion upon milling may be due to the creation of a 
disordered state with higher free volume where mol- 
ecules can undergo the much higher change in orien- 
tation that is needed for the polycondensation reaction 
[39]. 

It should be pointed out that a major portion of any 
formulation effort is the choice of excipients and 
processes which minimize the chemical instability of 
the drug. If a metastable polymorph (or amorphous 
form) is less chemically stable than the lowest energy 
form of the drug, then in many cases it will be 
possible to maximize the chemical stability of this 
metastable form through judicious formulation deci- 
sions [40-45]. Thus reduced chemical stability of a 
metastable crystalline or amorphous drug form does 
not necessarily preclude its development as a product. 

For a more in-depth review of chemical stability 
and drug physical state, see Bym ct al. [9,20]. 



4. Mechanical properties of polymorphs and 
amorphous drug forms 

Polymorphism can affect the mechanical properties 
of drug particles, and thus may impact the manufac- 
turability and physical attributes of tablets. For exam- 
ple, polymorphs of metoprolol tartrate [46], 
paracetamol [47-50], sulfamerazine [51], phenobar- 
bitone [52], carbamazepine [53.54], phenylbutazone 
[55] and odrer drugs have been shown to exhibit 
different mechanical properties. A common effect of 
polymorphism is alteration of powder flow due to the 
difference in particle morphology of two polymoiphs. 
Polymorphs with needle- or rod-shaped particles may 
have poor flow compared to polymorphs with low 



aspect ratio, e.g. cubic habit or irregular spheres. The 
effect of polymorphism on other mechanical proper- 
ties, such as hardness, yield pressure, elasticity, com- 
pressibility and bonding strength is more complex. 

A simple general rule, although semi-empirical, 
proposed more than 20 years ago by Summers et al. 
can be used to predict the effect of crystal packing of 
polymorphs on their compressibility and bonding 
strength [55.56]. Tire more stable polymorph, due to 
its higlier packing density, is expected to form stron- 
ger inlerparticle bonds but is harder to deform 
[46,55,56]. Since an increase in the bonding surface 
area resulting from deformation of particles may have 
higher impact on tablet strength than interparticle 
bond strength, the more stable of two polymorphs 
may provide weaker tablets. The mechanical proper- 
ties of two enanliotropic polymorphs of mctoprolol 
tartrate, metastable form I and the more stable form II 
(at room temperature), are consistent with this rule 
[46]. The porosity of pure drug tablets and yield 
pressure for form I were lower than for form II, 
suggesting that the less dense metastable form I may 
have less strength in the crystal lattice and be easier to 
deform. Form I also had higher elastic recovery, 
probably due to higher elasticity of form I and/or 
lower porosity of the tablets. As predicted, the tablets 
of the metastable form I were stronger at low pres- 
sures than those of form II, probably due to the higher 
compressihility of form I. 

Factors other than those accounted for by the 
general rule proposed by Summers et al. may also 
affect the mechanical properties of two polymorphs. 
For example, the presence of slip planes in form I of 
sulfamerazine was found to be the reason for its 
higher plasticity than form II, the more stable form 
at room temperature [51]. This higher plasticity results 
in greater compressibility and tablelabiliiy. The 
authors of this study generalized this observation 
and suggested that crystals with slip planes would 
be expected to have superior tableting performance 
[51]. Recently, a fundamental atom-atom potential 
model simulation was used to predict a few mechan- 
ical properties of sulfathiazole and carbamezepine 
polymorphs [53]. More fundamental research in this 
area will improve our ability to predict the effect of 
polymorphism on mechanical propeities. 

For amorphous drug forms, mechanical properties 
may be different from those of crystalline drug due to 
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the absence of long range packing. The mechanical 
atlributes of amorphous forms are less well under- 
stood than those of crystalline polymorphs. The lack 
of information on mechanical properties of amor- 
phous drugs may be due to the physical and chemical 
instability of these forms, leading to reluctance in 
developing an amorphous form for a commercial drug 
product. Thus, an evaluation of mechanical properties 
of amorphous drugs is not routinely investigated in 
the pharmaceutical industry. One report comparing the 
mechanical properties of crystalline and amorphous 
forms of a model drug was published last year [57]. 
Compacts of amorphous material had higher briltlc- 
ness and elasticity, and lower ductility than compacts 
prepared with the crystalline form- 
Differences in the mechanical properties of two 
polymorphs or amorphous versus crystalline forms 
may or may not affect the manufacturability and 
physical attributes of tablets. For example, in the 
case of metoprolol tartrate, the differences in the 
mechanical properties of two polymorphs did not 
affect the bonding properties of tablets with relatively 
high drug loading [46], The extent of the difference in 
the mechanical properties of two polymorphs, the 
drug loading, the robustness of each manufacturing 
step and the absolute value of the mechanical prop- 
erly undergoing change may be important parameters 
to consider while assessing the impact of polymor- 
phism on manufacturability and physical attributes of 
tablets. 

In some cases the favorable mechanical properties 
of one polymorph, even a melastable one, may be 
used to develop a more desirable process to manufac- 
ture tablets. For example, direct compression may be 
used to manufacture tablets with the more compress- 
ible orthorhombic form n of paracetamol instead of 
using more resource intensive granulation processes 
for monoclinic form I [47,50]. However, development 
of a melastable form for processing advantage should 
only be undertaken for drugs for which a very 
complete understanding exists with respect to form- 
dependent chemical stability, physical stability, and 
most importantly, bioavailability. This will typically 
be the case only for very old, highly studied, drugs. 

As discussed above for chemical stability, manu- 
facturability deficils of a particular polymorph may be 
overcome Ih rough judicious selection of excipjents 
and processes. If a stable polymorph has problematic 



mechanical properties, this certainly does not preclude 
its development. It is much more preferable to use 
excipients and processing to overcome the mechanical 
deficits of a stable polymorph than to develop an 
unstable polymorph because of its better mechanical 
properties. 

For a review of the effects of processing (e.g. 
tableting) on drug form, see Morris et al. [8] and 
Britlain and Fiese [17]. For a discussion of the use of 
excipients to compensate for the physical properties of 
dnigs in formulations, see Amidon [58]. 



5. Bioavailability of polymorphs 

There are many reports of polymorph-dcpendent 
bioavailability and/or absorption rate, with much of 
this work done in animals. See for example animal 
studies of chloramphenicol palmitate [59], phenylbu- 
tazone [60], amobarbilol [61], cimetidinc [62], 6- 
mercaptopurinc [63], and chlortetracycline [64]. For 
the purpose of the present analysis, we consider only 
human studies in detail. 

5. J. Effects of polymorphism on dissolution and oral 
drug absorption in humans 

Among the best known cases involving human 
dosing are those of chloramphenicol palmitate, mefe- 
namic acid, oxytetracycline, and carbamazepine. 
These observations are quite old, having been 
reported in the 1950s and 1960s. For example, Aguiar 
et al. [1] demonstrated that absorption of chloram- 
phenicol palmitate polymorph B was significantly 
greater than absorption of polymorph A in humans. 
Peak chloramphenicol serum levels were linearly 
proportional to the percentage of Form B in Form 
A/Form B mixtures. Chloramphenicol palmitate is a 
prodrug of chloramphenicol, which was prepared to 
provide a tasteless derivative [65]. Glazko et al. [66] 
reported that chloramphenicol palmitale must be hy- 
drolyzed by intestinal esterases before the drug could 
be absorbed. Aguiar and colleagues demonstrated that 
in vitro hydrolysis of this prodnig by pancreatin was 
polymorph dependent, with significant hydrolysis of 
polymorph B and little hydrolysis of polymorph A. 
Aguiar and Zclmer [2] demonstrated that Form B 
dissolves faster than Form A, and has a much higher 
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solubilily. This solubility difference probably results 
in the difference in ester hydrolysis rates, and ulti- 
mately the difference in oral absorption. 

Aguiar and Zelmer [2] also reported on human 
absorption of two polymorphs of mefenamic acid. In 
this case, the two polymorphs gave almost identical 
blood levels. Aguiar and Zelmer calculated a free 
energy difference (AG,-) of -251 cal/'mol between 
the two mefenamic acid polymorphs, where 

ACt = RT In (Solubilily A/Solubility B) 

In a similar manner, they calculated a free energy 
difference of —774 cal/mol between polymorphs A 
and B of chloramphenicol palmitate. These authors 
pointed out the correlation between the free energy 
difference and the observation of a polymorph-de- 
rived bioavailability difference (seen for chloram- 
phenicol palmilale but not for mefenamic acid). 
However, the situation is clearly complicated by the 
issue of hydrolysis of the palmitate moiety in the 
lumen for chloramphenicol palmitate. 

Bricc and Hammer [67] reported in 1969 that oral 
dosing of 16 lots of oxy tetracycline capsules from 13 
suppliers gave drug blood levels which were lower 
than the innovator product. Seven of the lots gave 
oxytetracycline blood levels which were lower than 
the generally accepted minimum therapeutic level. 
Blood levels were generally correlated with in vitro 
dissolution rate. Groves subsequently reported large 
differences in in vitro dissolution performance of 
oxytetracycline tablets from various sources [68J. 
These studies made no attempt to relate dissolution 
observations to oxytetracycline polymorphism, and 
the observed differences may have resulted from 
differing formulations rather than differing poly- 
morphs. Recently, Liebenberg et al. [69] compared 
six bulk oxytetracycline samples which met USP 
specifications, and noted that four of these contained 
one polymorph while the other two contained a 
different polymorph (form A). Tablets prepared from 
the form A polymorph dissolved significantly more 
slowly than the others in 0.1 M HC1. For example, the 
form A tablets exhibited ~ 55% dissolution at 30 
min, while the others exhibited complete (- 95%) 
dissolution at 30 min. 

The drug carbamazepine exhibits polymorphism 
and product-to-product dissolution and bioavailabili- 



ty differences, but a connection between these phe- 
nomena has not been directly experimentally 
demonstrated. Kahela et al. [70] reported that the 
anhydrous and dihydrate forms of carbamazepine 
exhibited very similar pharmacokinetics in humans. 
While the anhydrous form exhibited slower in vitro 
dissolution than the dihydrate in 0.1 M HC1, inclu- 
sion of 0.01% polysorbatc 80 in the dissolution 
medium essentially eliminated this difference. An- 
other study by Jumao-as et al. [71] demonstrated no 
difference in bioavailability between a generic carba- 
mazepine product and the innovator product. Regard- 
less, carbamazepine therapy with some products has 
been reported to be problematic [72,73]. Meyer ct al. 
[74] reported on in vitro/m vivo studies of three out 
of 53 batches of generic carbamazepine tablets which 
were recalled due to clinical failures and dissolution 
changes. In vitro dissolution testing, carried out in 
water containing 1% sodium lauryl sulfate, revealed 
that two of the batches dissolved more slowly than 
the innovator product, and one batch dissolved more 
quickly. While the innovator product gave ~ 95% 
dissolution in 90 min in this medium, the slower 
generic batches gave ~ 35% and 75% dissolution. In 
humans, the generic batches gave mean relative 
AUCs (relative to the innovator) of 60-113%, with 
the same rank order observed in the in vitro disso- 
lution behavior. It was suggested that moisture up- 
take during storage and panicle size differences may 
have been involved in the irrep reducible behavior of 
the generic tablets of this practically insoluble drug. 
It is known that anhydrous earbamazepine converls 
to the dihydrate quickly, e.g. completely within 1 h, 
when the anhydrous form is suspended in water [75]. 

The mechanistie uncertainty in these examples (i.e. 
whether drug physical form was involved in the 
observed dissolution or bioavailability differences) 
results from the lack of spectroscopic data which 
can identify the drug polymorph in a complex dosage 
form. Modern techniques such as ss-NMR and NIR 
can identify polymorphs in dosage forms (within 
limits), and should facilitate increased mechanistic 
understanding in future studies. 

It is clear that for some drugs, there will be 
polymorph-dependent bioavailability. For a larger 
group, there will be polymorph-dependent absorption 
rate, reflected in in vivo C mox . For some pairs of 
polymorphs, there will be pharmacokinetic bioequi- 
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valence. As described above, in 1969 Aguiar and 
Zelmer proposed that polymorphs with a Jarge free 
energy difference between them are likely to differ in 
pharmacokinetic behavior. This simply reflects a dif- 
ference in solubility. In addition, polymorphs may 
exhibit different dissolution rates because of their 
different crystal habits, and this may also contribute 
to in vivo absorption rate differences. 

For an excellent in-depth review of the relation- 
ships between polymorphism and solubility and dis- 
solution rate, see Brittain and Grant [16]. 

5.2. The role of dose in bioavailability of high energy 
polymorphs 

A significant solubility difference between two 
polymorphs is likely to result in a difference in oral 
absorption rate, reflected in a difference in C m . M . 
Differences in AUG, or oral bioavailability, will occur 
less often, and will depend upon the same underlying 
principles which govern the bioavailability differences 
between two unrelated drugs. Drug absorption may be 
modeled in a variety of ways [76.77]. A simple 
context in which to discuss this issue is provided by 
the concept of the maximum absorbable dose (MAD) 
[3,78]. The MAD is a conceptual tool which repre- 
sents the quantity of drug which could be absorbed if 
the small intestine could be saturated with drug for 4.5 
h (270 min), the average small intestinal transit time. 

MAD = SxK,x SIWV x SITT 

S, solubility (mg/ml) at pH 6.5; K iU transintestinal 
absorption rate eonstant (miir 1 ); SIWV, small intes- 
tinal water volume (ml); SITT, small intestinal transit 
time (min). 

The solubility at pH 6.5 reflects the solubility in 
the small intestine. K a is deteixnined in a rat intes- 
tinal perfusion experiment. In our laboratories, it has 
been observed that the human A'., is 1.4 times the rat 
K a [79]. SIWV is the amount of water available for 
dissolution, generally accepted to be - 250 ml. 
While SIWV and SITT are approximations, moderate 
variations in these parameters do not significantly 
affect this analysis. The resulting MAD is ill mg. 
This analysis ignores first pass intestinal and hepatic 
metabolism, which can be saturated, thus affecting 
bioavailability. 



Table I 



MAD 



Rai K.j 


Solubility 


MAD (mg) 


(min-') 


(mg/inl) 


(Human) 


[Human *J 






0.003 [0.004] 


0.01 


2.1 


0.003 [0.004] 


0.02 


5.4 


0.003 [0.004] 


0.03 


8.1 


0.03 [0.04] 


0.01 


27 


0.03 [0.04] 


0.02 


54 


0.03 [0.04] 


0.03 


81 



If the intent is to increase bioavailability, it can be 
readily seen that increasing drug solubility will result 
in increased MAD (Table 1). In general, the range of 
solubility differences between polymorphs is typically 

2- 3-fold, due to the relatively small difference in free 
energy between polymorphs. Thus a higher energy 
polymorph with a solubility which is 3 x that of the 
lowest energy polymorph may give a systemic expo- 
sure which is 3 x that given by the low energy 
polymorph. As shown in Tabic 1, for a low human 
K u of 0.004 min -1 , and a solubility of 0.01 mg/ml, a 

3- fold increase in solubility only results in a MAD of 
8.1 mg, which would be inadequate if the desired 
absorbed dose were, say, 50 mg. If bioavailability 
were practically governed in this way, there would not 
be much opportunity to increase the bioavailability of 
low-solubility drugs by developing a high energy 
polymorph or amorphous form. 

In fact, equilibrium solubility may not be very 
relevant for oral absorption enhancement if poly- 
morphs (or pseudopolymorphs) are physically unsta- 
ble in the aqueous environment. Instead, intrinsic 
dissolution rate (IDR) and kinetie solubility over 4- 
6 h may be more relevant parameters to consider 
while studying the oral absorption of polymorphs. 
Form changes may sometimes occur during IDR and 
kinetic solubility measurements, but these changes are 
occurring on a timescale relevant for oral absorption, 
i.e. the small intestinal transit time. The kinetic 
solubility of a meiastable polymorph over 4-6 h is 
often higher than its equilibrium solubility. The rank 
order of the IDR of polymorphs has been found to 
correlate well with the rank order for oral absorption 
due to the faster rate of dissolution of the less stable 
polymorph, leading to higher concentration of drug in 
solution available for absorption. Generally, this may 
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lead to a higher in vivo C max , but not a higher AUC, 
unless the drug is present in suspension throughout its 
small intestinal transit time (i.e. the dose is substan- 
tially greater than the MAD calculated for the ther- 
modynamically stahle polymorph). In some 
circumstances, the I.DR and the achievable metastable 
supersaturation may temporarily provide a maximum 
drug concentration in the intestinal lumen which is in 
excess of the equilibrium solubility of the high energy 
polymorph. If the drug does not rapidly precipitate in 
the GI lumen, then the achievable MAD can conceiv- 
ably be very largo. 

Although 1DR may be a good single parameter to 
describe relative dissolution rates of two polymorphs, 
this does not take into account other factors that may 
govern oral absorption, namely, rate of conversion of 
one polymorph to another less soluble polymorph in 
the GI lumen, and the resulting precipitation of drug 
in the GI fluid. It is generally not possible to theoret- 
ically predict the degree of supersaturation of drug 
from a metastable polymorph or amorphous form, or 
the kinetics of physical conversion of one polymorph 
to another. However, these processes may be quanti- 
fied by comparing the extent of supersaturation in 
model GI fluid according to Eq. (1), and more 
importantly Eq. (2): 

Supersaturated concentration ratio (SCR) 

= C, n;K: r onnl /C rrai . a™ 2 (0 

Supersaturated AUC ratio (SAR) 

= AUC form ,/AUC fi>rm2 (2) 

where C mm< romi i and C 11111X . tom 2 arc the in vitro 
maximum concentrations of drug in solution from 
forms 1 and 2, respectively; and AUC rurm j and 
AUCf 0rm 2 arc the areas under the in vitro drug 
concentration versus time curve over, say, 6 h, for 
forms 1 and 2, respectively. If a high dose (in 
substantial excess of the MAD for the stable poly- 
morph) is dosed, and supersaturation is maintained for 
a long time, e.g. 6 h, while ding is absorbed, then the 
potential exists to achieve absorption of an amount of 
drug much higher than the MAD for the stable 
polymorph. 

The greatest effect of dissolution rate and super- 
saturation of drug from a polymorph or amorphous 



form is expected for compounds with high penneabil- 
ity and low solubility relative to dose (i.e. 8CS class II 
compounds, where the administered dose will remain 
as a suspension for most of the absorption period). For 
solutes where the dose is expected to be very soluble 
in the GI fluid (i.e. BCS class I and Ell compounds) 
there may be no, or minimal differences in the AUC 
of polymorphs because solubility is not expected to be 
rate limiting in oral absorption. 

5.3. Potential effects of physical instability of a 
metastable polymorph on oral absorption 

Developing a bioequivalent product with a meta- 
stable form may not be easy, but in some cases it may 
be possible using formulation methods to achieve a 
bioequivalent AUC. It may be trickier, but possible, to 
blunt the higher pharmacokinetic C m „ which results 
from the higher dissolution rate of the metastable 
form. Thus, it may be possible to develop a formula- 
tion with a metastable drug form which is bioequiva- 
lent to the innovator formulation containing the 
thcrmodynamicatly most stable form. For some drugs, 
there is a potential danger that bioavailability could be 
lost if the metastable form converts to the more stable 
form during the shelf-life of the product. This is 
illustrated in Table 2. A metastable drug form may 
he formulated in a product (e.g. tablet) which has the 
same dissolution rate ( Y) as a fonnulation of the stable 
drug form. Of course the metastable drug product will 
have to be formulated in a way which slows the drug 
dissolution rate. If the metastable form converts to the 
stable form in the product on storage, then the 
dissolution rate may decrease and in vivo performance 
may be compromised. This compromised in vivo 
performance may involve increased pharmacokinetic 



Table 2 

Potential performance changes on storage of a dosage form 
containing a metastable drug form 



Drug form 


fDR Dissolution rate 


Dissolution rate in 


in formulation 


in formulated 


product after storage 






if metastable form 
converts to stable 








Metastable 


x+ax y 


Y-AY 


Stable 


X Y 


r 
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variability and, more extremely, decreased C max and 
bioavailability. 

As an example, phenylbutazone Form C exhibits 
a dissolution rate and solubiliLy which are 1.5 x and 
1.2 x thai of Form A, respectively [80]. On storage 
at 40 °C for 12 months, Form C was converted Lo 
60% Form A. As another example, various marketed 
tablet formulations of glibenclamide have been 
shown to exhibit differing in vitro dissolution [81]. 
Glibenclamide exhibits forms which differ greater 
than 10-fold in solubility in simulated gastric fluid 
[82]. However, for glibenclamide the connection 
between product-to-producl variability and polymor- 
phism has not been directly demonstrated, but pro- 
vides a possible explanation. 



6. Dosage form decision 

6.1. Metastable crystalline polymorph versus amor- 
phous form 

As discussed above, metastable crystalline poly- 
morphs and amorphous forms may be less chemically 
stable and potentially possess different (in some cases 
less desirable) mechanical properties than the related 
stable crystalline form. These potential prohlems can 
in theory be solved by judicious choice of excipients 
and appropriate formulation strategies. In addition to 
chemical instability and mechanical properties, phys- 
ical stability of the drug during product shelf life is of 
paramount importance in developing a drug product. 
A change in physical form can not only affect chem- 
ical stability and mechanical attributes of tablets, but 
much more importantly can compromise the oral 
absorption of a drug via a change in solubility. 

Physical stabilization of intrinsically physically 
unstable crystalline polymorphs is a challenge be- 
cause, by definition, the use of additives for improve- 
ment of physical stability involves a two phase system 
(polymorph and stabilizer) where the drug molecules 
are not in intimate contact with the stabilizer. Further- 
more, physical conversion can be relatively precipi- 
tous, and exceptional care must be taken to design 
stability studies which cover all reasonable real-world 
conditions which such a formulation may encounter 
(e.g. temperature cycling). There is a need for in- 
creased understanding of stabilization of metastable 



crystalline forms, and research in this area is sorely 
needed if practical solutions are to be found. 

Amorphous forms are- of course also physically 
unstable. For an introduction to the literature and 
general concepts on the physical stability of amor- 
phous forms see Yu [5], Yoshioka ct al. [83], and 
Crowley and Zografi [84], Physical stabilization of 
amorphous forms is possible in some situations by 
generating intimate contact between the amorphous 
ding and the stabilizer by creating a drug/stabilizer 
dispersion [85-88]. The use of such dispersions, 
particularly with polymers, to intentionally enhance 
drug solubility has been known for many years 
[89,90], and practical formulations which achieve 
facile low-solubility drug dissolution and supersatu- 
ration have recently been described [91,92]. The 
identification of pharmaceutically acceptable stabil- 
izers and processes which can inhibit solid state 
crystallization for a reasonable shelf-life is also a 
recent development [86]. 

While stabilized amorphous forms can sometimes 
be developed for intentional bioavailability improve- 
ment, the use of such forms to provide a dosage form 
which is bioequivaient to the stable drug crystalline 
form would be difficult, but perhaps possible in 
certain situations. 



7. Solvates and hydrates 

In general, the analysis provided above for the 
behavior of polymorphs also applies to metastable 
solvates and hydrates. For example, the dissolution 
rate and solubility of a drug can differ significantly 
for different solvates. Glibenclamide has been isolat- 
ed as pentanol and toluene solvates, and these 
solvates exhibit higher solubility and dissolution rate 
than two non-solvated polymorphs [93], In formula- 
tion of solvates (other than hydrates), the formulator 
must be careful to address the toxicity of the asso- 
ciated solvent, and carefully evaluate interactions of 
the drug and mobile solvent molecules with CKci- 
picnts on storage, which may result in compromised 
performance. 

Similar to polymorphs in general, the physical 
stability of hydrates and anhydrous forms may depend 
upon the relative humidity and/or temperature of the 
environment, and the most siahle form may switch as 
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the humidity/temperature is varied. Anhydrous to 
hydrate transitions can occur during dissolution al 
the drug/medium interface and can affect dissolution 
rate and perhaps bioavailability. Discussion of these 
issues is beyond the intended scope of this review. 

Pharmaceutical solvates and hydrates have been 
reviewed by Morris [13], and hydrates have been 
reviewed by Khankari and Grant [94]. 



8. Conclusions 

In principle, any polymorph or hydrate/sol vale or 
amorphous form of a drug can be appropriately 
formulated, in practice, for some drugs constraints 
may be encountered. In general, the following con- 
clusions are drawn from the literature and the expe- 
rience of the authors: 

1. It is always advisable to identify the lowest energy 
crystalline polymorph of a drug candidate during 
development, and to develop this form. While this 
form may not be the most processable form 
available, processing deficits can almost always 
be overcome with judicious choice of excipients 
and formulation processes. The lowest energy 
polymorph is almost always the most chemically 
stable form, and will not convert to another 
polymorph during storage as drug product. Of 
course, care must be taken to avoid conversion 
during processing to a physically melasiable, 
perhaps chemically unstable, form. 

2. Metastable crystalline polymorphs may be less 
chemically stable than the most physically stable 
crystalline form. Likewise, amorphous drug forms 
will generally be less chemically stable than the 
most physically stable form. It is often possible to 
improve chemical stability of such forms through 
judicious choice of excipients and formulation 
processes. 

3. If a developer is precluded from developing the 
lowest energy drug form, for medical benefit or 
otherwise, it is preferable to develop a stabilized 
amorphous form, e.g. as a dispersion. Develop- 
ment of a metastable crystalline or amorphous 
form as a standard physical mixture or granulation 
with excipients is less preferable, because it is 
difficult to guarantee that such a formulation will 



resist form changes on storage. If the metastable 
form converts to tbe stable less soluble form in the 
dosage form on storage, then in vivo C niM will 
almost certainly decrease, and in vivo AUC may 
also decrease depending upon where the drug lies 
in dose-solubility-permcability space. However, 
there will be occasional exceptions in which an 
unstabilizcd amorphous or metastable crystalline 
polymorph will be physically stable over the shelf- 
life of a formulation. 

In the end, the manufacturer, whether innovator or 
generic, must guarantee the quality and bioavailability 
of the dosage form. It is highly desirable that the drug 
physical form not change over the storage life of the 
drug product. If the physical form does change, or if it 
could change, then the manufacturer must provide 
assurance (a) that the largest possible change would 
have no substantive effect on product quality or 
bioavailability, and/or (b) that extensive scientific 
study of the formulation guarantees that a change will 
not occur under all reasonable real-world storage 
conditions, and/or (c) that analytical methodology 
and sampling procedures are in place which guarantee 
(hat a problem will be detected before dosage forms 
which have compromised quality or bioavailability 
can reach patients. 
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Overdose may result in death. 

The drug is chemically related to totrocaine and other top- 
ical anesthetics and shares various aspects of their pharma- 
cology and toxicology. Drugs of this type ara generally well 
absorbed after ingestion. 
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W. S-'fljA'i children under 6 years, 50 rug daily in 
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when used as a premedication and following 
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^subsequent doaoa may be administered 
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jihe patient's response to therapy. 
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|ft leon'on, agitation, apprehension or conTu 

- lc DaB twjja shown clinically to. be a rapid-octiag 
dc with a wide margin of safety. It indnces a 
ect in anxious, tense, psychoneurotic adults and 
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~'~ ' ?ss, It is not a cortical depressant, but its ac- 
ne to a suppression of activity in certain koy 

ial muscle relaxation has beea demonstrntcd 



ftj^M serotonin, acetylcholine, and bii 
^aluinioic cSecto have' boon ' - - ■- 
Mmoirruod ciinicftlly 

^ifect, both by cheap 



^ studies indicate that hydroxyzine in therapeutic 
libt increase gastric secretion or acidity and in 
provides mild antisecretory benefits. 
MOTIONS 

n|*J oanagemenl ofonxiety, tension, and psychomotor 
T™ 1 * "c Conditions of emotional a tress requires ia most 
7*f* & combined approach of psychotherapy and 
L^-nipy. Hydroxyzine has been found to be particu- 
^°*™ for this latter phase of therapy in its ability to 
lilt * slurDcd P.ationt more amenable to psychother- 
t 21 tKm treatment of the psychoneurotic and psy- 



lould not be used as the sole 
if clearly damoastrated coses of depression. 
■Iso usoful in alleviating the manifestations 
ension as in the preparation for dental pro- 
acute emotional problems. It has also been 
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Solution is useful in treating the following typesof patient 
idicated: 

or chronic alcoholic with anxiety withdrawa 



hiding nausen and vomiting of pregnancy. (See Contraindi- 



afTected by hydroxyzine iB of particular benefit to bof 
mother and neonate. 

Hydroxyzine benefits the cardiac patient by ita ability to al 
lay the associated anxiety and apprehension attendant t 
" ' types ofheartdiseufle-Hydroxyzine is notknown t 
" of digitalis in any way and may b 



clinical studios. The physician should reassess periodically 
the usefulness of the drug for the individual patient. 
CONTRAINDICATIONS 
Hydroxyzine hydrochloride intramusculi 
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in therapeutic range, 
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hydroxyzine is contraindicated in early pregnancy. 
PRECAUTIONS 

THE POTENTIATING ACTION OF HYDROXYZINE 
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idine dosage may be. reduced from 100 mg to 50 mg. The 
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hom there is a risk of respiratory depression, hypotenaion, 
id profound sedation or coma occurring. Before using any 
educations concomitant with hydroxyzine, the mnnufac- 
rer's prescribing information Bhould be read carefully, 
nee droweiness may occur with the use of this drug, pa- 

s with oiHnt«n«rMular preparations, V1STARIL Ir 
usculor Solution should im injected well within the body of 
alatively large 



;h. In infants and small childron'the periphury of the up- 
outer qundrant of the gluteal region should be used only 
m patients, in order to mini- 



en the elderly and younger j 
id bf the do 



uruaIIv starting Bt . 

ing the greater frequency of decreased hepatic, rei 
diee function, and of concomitant disease or other drug ther- 

Tha extent of renal excretion ofVISTAEIL has not been de- 
termined. Because elderly patients are more likely to have 
decreased rensl function, care should be taken in dose sc- 

Sedaring drugs may cause eonfuaion and over sedation in 
the elderly; elderly patients generally should bo started on 
low do6es of VISTARIL and observed closely. 
ADVERSE REACTIONS 



ital alertness. However, drowsiness may occur; 
u to, ii is usually transitory and may disappear in a Tew 
days, of continued therapy or upon reduction of the dose. 
Dryness of the mouth may be encountered at higher doses. 
Extensive clinical use has substantiated the absence of toxic 
effects on the liver or bone marrow whan administered in 
the recommended doses for over four years of uninterrupted 
therapy. The absence of adverse effects has been further 
demonstrated in experimental studies in which excessively 
high doses were administered. 

Involuntary motor activity, including rare instances of 
tremor and convulsions, has been reported, usunlly with 
doses considerably higher than those recommended. Contin- 
uous therapy with over one gTam per day has been im- 
' patients without these effects having been 



DOSAGE AND ADMINISTRATION 

The recommended dosuges for VISTARIL (hydroxyzin 
hydrochloride) 111 



For adult psychiatric and 




. body weight IM 
adjunctive Adults': 26-100 mg M 
Children: 0.5 regVlb . 



._. , ations, tho dosage should be ad- 
justed according to the patient's response to therapy. 
FOR ADDITIONAL INFORMATION OF THE ADMINIS- 
TRATION AND SITE OF SELECTION SEE PRECAU- 
TIONS SECTION. NOTE: VISTARIL (hydroxyzine 
hydrochloride) Intramuscular Solution may be adminis- 
tered without further dilution. 
Patients may bo started on " 
dkated. They should be main., 
ever this route is practicable. 



VISTAHIL (hydroxyzine hydrochloride) Intra 

Multi-Dose VialB 

60 mg/mL: 10 mL vials (NDC 0049-5460-74) 
STORAGE 

Store below 86"F (80°C>. Protect from freezing. 
Distributed by: . 
Pfizer Roarig 

Division of Pfizer Inc, NY, NY 10017 



ZITHROIVIAX© 



Vat su 



DESCRIPTION 

ZTTHROMAX® (azithromycin tablets and az 
oral suspension) contain the active ingredient «ziinrtnoyuit, 
en azalide, a subclass ofmocrolidc untibiutice, fur oral ad- 
ministration. Azithromycin has the chemical name 
i2R,3S,4R.r,E,SH, 10n,IlR.I2S 1 13S,14m- 13-l(2,6-dideoxy- 
3-C-methyl-3-0-methyl-ci-r.riio-hexopyranosyl)oxy|-2-cth- 
yI-3,4,10-trihydroxy-3,6,6,8,10,12,14.heptamethyl-ll-[(3,4, 
rJ-trideoxy-S-tdimethylriminoJ-p-rJ-^io-hexonyranosylloxyl- 
l-oxa-6-azBcyclopentodocs- " * '■■ ' 



r, it differs 



i 749.00. 



methyl-substituted ni 
incorporated into the loctoae ring. Its moiect 
QjfHraRA,, nnd its molecular weigh 
Azithromycin has the following structural fornium: 
[Sea chemical structure at top of next column] 
Azithromycin, as the dihydrate, ia a while crystnlline 
powder with a molecular formula of C Ja H 72 N 2 0,. i »2HiO and 
a molecular weight of 785.0. 

Z1THROMAX® is supplied for oral administration ns film- 
coated, modified capsular shaped tablets containing 
azithromycin dihydrate equivalent to either 260 mg or 
500 mg azithromycin aad the following inactive ingredients: 
dibasic calciam phosphate ' ..... 



,us. 

Continued on next page 
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lapryl sulfate, hydroxypropyl methylcelliilose, lactose, tita- 
nium' dioxide, triaiotin int) D&C Red #30 aluminum lake. 
ZTTHROMAX® for oral suspension is supplied in bottles 
containing azithromycin dihydrate powder equivalent to 
300 mg, 600 ing, 900 mg, or 1200 mg azithromycin par bot- 
tle and the Tallowing inactive ingredients: sucrose; sodium 
phosphate, tribasic,. anhydrous; hydroxypropyl cellulose; 
xanthan gum; FD&C Red S40; and spray dried artificial 
cherry, creme de vunilla-and banana flavors. After constitu- 
tion, each 5 mL. of suspension contains 100 mg or 200 mg of 
azithromycin. ' 



250 mg tablets) to 36 fasted healthy male volunteers, the 
mean (3D) ibanuacokinetic parameters were AUG,-, = 4,3 
(1.2) ug-hYrbL; C„„ = 0.6 (0.2) pgtol.; T.„ = 2.2 (0,9) 

With a regimen of 500 mg (two 250 mg capsules*) oa day 1, 
followed" ny, 250 mg daily (one 250 mg capsule) on days 2 
through 5, the pharmacokinetic parameters of azithromycin 
in plasma in-healthy young adults (18-40 years of age) are 
portrayed in the chart below. C^. and C„„ remained essen- 
tially unchanged from day 2 through day 5 of therapy. 

Pharmacokinetic Parameters " Total n=l'2 

(Mean) Day 1 Day 5 

C^, (pg/mL) 0.41 0.24 



AUCmfpg/'h/mL} 

C„i„ (pg/mL) 

Urinary Excret. <% dos 



capsules in the fnated state. Azithromycin 250 mg capsules 
are' ne lHngnr commercielly available. 

In a two-way crossover study, 12 adult healthy volunteers (6 
malcH, 6 feranlcs) received i,fi00 mg orazithrnmycin admin- 
istered in single dlrily doses over either 5 days (two 250 mg 
tablets on day 1, followed by one 250 nig tablet on days 2-5) 
or 3 days (500 mg per day for days 1-3). Due ta limited 
serum samples on day 2 (3-doy regimen) and days 2-4 (5- 
i), the serum concentration-time profile of each 
fit to a 3-coinpartmont model and the AUCa. for 



subject we 

5-day and 3-day regiment 
[Sue first table ubovel 
Median azithromycin exposure (AUC^jsa) in mononucleer 
(MN) and polymorphonadear (PMN) leukocytes following 
cither the 5-dny or 3-dny regimen was more than a 1000- 
fold and 800-fold greater than in serum, respectively. Ad- 
mim'strntion of the same totol dose with either the 5-dny or 
3-dny regimen may bo expected to provide comparable con- 
centrations of azithromycin within MN and PMN leuko- 

imycin 250 mg tablets are bioequivnlent to a sin- 



Two azithrot 
gle 500 mg " 
Absorption 



received a single GOO mg dose of nrithro: 

increase C„, by 23% bnt had no effect < 
When azithromycin suspension 
to 28 adult- healthy male subjects, C„„ increased by 56% 
and AUC was unchanged. 

The AUC of azithromycin was unaffected by co-administra- 
tion oran antacid containing aluminum and mngncsium hy- 
droxide with azithromycin capsules; however, the was 
reduced by 24*. Administration efcimetidine (800 mg) two 
hours prior to azithromycin had no effect on azithromycin 

Distribution ' 

The serum protein binding of azithromycin is variable in 
the concentration range approximating humnn exposure, 
decreasing from 51% nt 0.02 pg/mL to 7% at 2 pg/mL. 
Following oral administration, azithromycin is widely dis- 
tributed throughout the body with an apparent stendy-state 
volume of distribution or 31.1 LAg. Greater azithromycin 

served. High tissue concentrations should not be inter- 



TISSUE OR FLUID 
CONCENTRATION 
■ ' (Mg/g or pg/mL) 



CORTtESPONSINC 
PLASMA OE SERUM 
LEVEL (pg/mL) 



* Sample was obtained 2-4 hours after tha firs 
•• Sample was obtained 10-12 hours after the first dose. 
'••Dosing regimen of two doses of 260 Dig each, separated by 12 hours. 
"•Sample w.as obtained 19 houra alter a single 500 mgdose. 



prctcd to he quantitatively related to clinical 
antimicrobial nctivityarazidironiycin is pH re 
pears to be reduced with decreasmg 'pH. How 
tensive 'distribution of drug to tissues may b 



xnuration ratios are shown in the fo 



he extensive tissue distribution was confirmed by exami- 
ation of additional tissues and fluids (bone, ejaculum,pros- 
ite, ovary, uterus, salpinx, stomach, liver, and gallbladder). 
3 thore.are no data from adeqaate and well-controlled 
t tidies of azithromycin treatment of infectioos in these fld- 
itional body aites, the clinical importance of these tissue 
sucentration deta is unknown. 

bllowing n regimen of 500 mg on the first day and 260, mg 
4 days, only very" 



azithromycin have not been performed. 
Elimination 

Plasma concentrations of azithromycin following fungi 
500 me oral and i.v. doses declined m a polyphasic patter 
with a mean apparent plasma clearance of 630 mlVmin an 
terminal elimination half-life of 68 hours. The prolongs 
terminal half-life is thought to be due to extensive upLnh 
and subsequent release of drug from tissues. 
Biliary excretion of azithromycin, predominantly as ui 
changed drug, is u major route of 
course of n week, approximately 6* 
dose appears as unchanged drug in t 
Special Populations 



linution. Over the 



Azithromycin pharmncokiuetics were investigated in 42 
adults (21 to 85 years of age) with varying degrees Of renal 
impairment. Following the oral administration "of a single 
1,000 mg dose of azithromycin, mean C„„ and AUtVijo in- 
creased by 6.1% and 4.2%, respectively in subjects with mild 
to moderate renal impairment (GFR 10 ta 80 mlVmin) com- 
pared to subjects with normal renal " ™ ■ ■ 
min). Tho mean C„„ and AUC 0 .i„ i 
respectively in subject- "' L 
<10 mlVmin) enmnar. 
tion (GFR >8 
TRATION.) 
Hepatic Insufficiency 

The pharmacokinetics 



(GFR >B0 iaU 
161% and 3656, 
renal impairment (GFR 
■with normal renal fitne- 
tl/rnin) (Sec DOSAGE 



establish 



ant differences in the disposition of 
uzilhromycin between male and female subjects, No dosage 
adjustment is recommended based an gender. 
Geriatric Patients 

When studied in healthy elderly subjecta aged 65 to 85 
years, the phnrnincokinetic parameters of'azithromycin in 

creased by 30 to 50%) were observed, no significant accumu- 
lation occurred. 
Pediutric Patients 

In two cl inical studies, azithromycin for oral suspension was 
dosed at 10 mg/kg on day 1, followed by 5 mgykg on dnys 2 
through 5 to two groups of children (aged 1-6 years and 5-15 
years, respectively). The mean pharmacokinetic parameters 



on day 5 were C„„,=0.216 pg/mL. T„,-1.9 
AUC^-1.822 iig.hr/ml, for the 1- to 5-year-old pi 
were C„„=0.383 ugtaL, T„„=2.4 hours 
Al t in n-hr/ml orLhi i- la 1 r,i I • m rt 

Two clinical studios were conducted in 68 children tirsdJlf 



a the second study, 31: 
.2 nigftg/dsy (maximi 



hour period following tho last daily ,00$ 
ig above 25.0 kg in the 3-day sturrj;* 



The following table si 



C„„ IpgfmL) 
T™ Ihr) 
AUC^ 4 (pg.l 

3-day and 5-day regiment 
Single dose pharmncokii 
30 mg/kg have not hee 
ADMINISTRATION.) 
Drug-Drug Interactions 

and other drugs likely lo 



.ic 3-Day Regime 

(20 rng/kg x 
3 days) 
11 

2.- (1.9) 
r/ml) 7.9 (2.9) 



of other 



, the pharn 



■ere performed with azi 
je co.ndmini5tered.Tlii 
ru.nycin on the ph 
in Table 1 



Cn-ndmin trat.m nziil romj nn th rapeuWd selW 
it modest ffleel an the pharmacokinetics of the 
it. Table 1 He J_ i" i.djusL.ncnl of drugs li ted in ftN&S 
i r . ommonded when co-ndminittered with flzittn 
Co-administration of azithromycin will, cfau.-r^ ^ 

id n mad. Unit tl Ph"™™ ^ Q^'i 



and AUC of n; 



.. No ■ 



•e i>d;a« : 



binding 10 





ANIMAL TOXICOLOGY 

Phospholipidoais (iatraceUaJar phospholipid atxiimulation) 
has been observed in some tissues of mice, rata, and dogs 
given multiple doses of azithromycin, rt has been demon- 
ganglia, liver„gnUliIaddBr 1 kidney, spleen, and pancreas) in 
dngs .treated with azithromycin at doges which, expressed 
on n mg/kg basis, are only 2 times greater than the recom- 
mended adult human dose .and in rats at doses comparable 
to the recommended adult human dose. This effect has been 
revoreihle after cessation of azithromycin treatment. Phos- 
phohpidosia has been observed to a similar extent in ttlB tis- 
sues of neonatal rats and dogs given daily doses of 
azithromycin ranging from 10 days to 30 days. Baaed on t" 
pharmacokinetic data, phoapholipidosie has boon seen 
the rat (30 mg/kg dose) at observed C„„ value or 1.3 uph 
(6 times greater than tho observed C„ of 0.216 ug/mL 
the pediatric dose odO mpAg). Similarly, it bfls been sbov 
in the dog (10 mg/kg doso) at observed C m „ value 
I •■. ug/mL f V times greater than the observed some ai 
lr»S doMi ia tbv studied .on-, pu (a nr/i 

basin, 30 mg/kg .Iofii in the rat (135 mg/m 2 ) and 10 mg/kg 
dose in tho dog (70 mg/m 3 ) axe approximately 0.4 and 0 " 
times, respectively, the recommended dose in the pediati 
potionta with an avnragc body weight of 26 kg. Thin effei 
sundar tc Hint seen in the adult animals, is reversible aft 
cessation of azithromycin treatment The significance 
these findings for animals and for humans is unknown. 



je for Clinical Laboratory St 



1. National . . 

Methods for Dilution Antii 
Bacteria that Grow Aerobically - Third Edition. Appruvcd 
Standard NCCLS Document M7-A3, Vol. 13, No. 25, NC- 
CLS, Vulanova, PA, December, 1993 

2. Nations! Committee for Qinical laboratory Stejidards. 
Perfnrniance Standards for Antimicrobial Disk Suscoptibil- 
ity Testa.- Fifth Edition. Approved Standard KCCI.S Docu- 
ment M2-A5, Vol. 13. No. 24, NCCI.S, ViUanovn, PA, Decem- 
ber, 1993. 
^ Only 



rk of Baiter International Inc., Reg. 



Tablets and Oral Concent 



ZOLOFT® (sertraline hydrochloride) is a Bolective serotonin 
reuptake inhibitor (SSH1) for oral administration. It has a 
molecular weight of342.7. Sertraline hydrochloride has'thc 
following chemicnl name: (lS-cia)-4-(3,4-dichlorophenyl)- 
l,2,3,4tetrohydro-N-Iuethy!-l-naphthalennmine 
li.vdr.jchl 1c. Th o t mta! formula C 17 H 17 NCIj-HCl is 



ilent to 20 mg of sertraline. The solu- 
owing inactive ingredients: glycerin, al- 
, butylated hydro^ytnluene (BHT). The 

(see PRECAUTIONS, Information for Pntienta ™d rjC-s" 
AGE AND ADMINISTRATION). 

PHARMACOLOGY 



The mechanism of action of sertralipe is presumed to be 
linked to its inhibition of CNS neuronal uptake of serotonin 
(5HT). Studies at clinically relevant doses in man hnve dem- 
onstrated that snrtraline-blockfl tho uptake of serotonin into 
human platelets. In vitro studies in animals also suggest 
that sertraline, is a potent and selective inhibitor of neuro- 

norepinephrine and dopamine neuronal rouptake. In vitro 
studies have shown that sertraline has no significant affin- 
ity for adrenergic (alphnj, alphaj, beta), cholinergic, GABA, 
irgic, ruetarninerBic, serotonergic ffiHTu, SST m , 
benzodiazepine receptors; antagonism of such re- 

ither psychotropic drugs. The chronic administration of 



ralraeAlrrT-^ra 



" ■■' ' """nuuiDIc to patxntswiiv , "«W 

VI L N rH r, I 11 1 „„ , j"- • !-rI 

comparison, n group of 22 sapnrntely stndiL "*vl 
tween 18 and 45 ye,™ of m (11 1(wl J r u ^ M 

traline AUC (0-24 hr) of 2570 ng-hr/mL 

adul^thTht EE y^'olds^and'th^ 
showed about 22% lower AUC (0-£ bJ^fc-H 
when plasms concentration was adjusted for we - VaJ 



5HT S ), o. 



epinephrine receptors, as h__ ^_ 

drugs effective in the treatment of major depressive disor- 
der. Sertraline does not inhibit monoamine oxidase. 
Pharmacokinetics 

Systemic Bioavailability— In man, following oral once-daily 
dosing over the range of 50 to 200 mg for Id days, mean 
peak plasma concentrations (Cmai) ofaertraline occurred 
between 4.5 to 8.4 hours post-dosing. The average terminal 
elimination half-life of plasma sertraline ia ahout 26 hours. 
Based on this pharmacokinetic parameter, steady-state 
sertraline plasma levels should be achieved after apprmd- 
matsly one week of once-daily dosing. Linear dose-propor- 
tional pharmecokinetics were demonstrated in a single dose 
study in which the Cmax and area under the plasma con- 
to dose over a range of 50 to 200 mg. Consistent with the 
terminal elimination half-life, there is an approximately 

sertraline with repeated dosing over a 50 to 200 mg 
range. The single dose bioavailability of sertraline tab! 
approximately equal to an equivalent dose of solution. 
In a relative bioavailability study comparing tho phan 
kinetics of 100 mg sertraline as the oral solution to a 10 u ^ 
sertraline tshlet in 16 healthy adults, the solution to tablet 
rotio of geometric mean AUC rind Cmax values were 114.8% 
and 120.6%, respectively. 00% confidence intervals (Oil 
were within the ranee of 80-125% with the exception of the 
upper 90% CI limit for Cmax which was 126.5%. 
" of food on the bioavailability of the snrtraline 



IheiHower body weights, especially in 

AND ADMINISTRATION). 
Age— Sertraline plasma clear 
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.r metabolism, liver impiurmonl con affect the t l in Z " 3 
f erlrnlin [n r tent viil, hronic mild li , ri ' ° U j 
IN 10 5 i HienLs "it], L'r.dtl Punh s , res nl i 5 r J 
t with Cliild-PugJ Iwhor I 

sertraline per day maintained for 21 days, sertraline IS 
ance was reduced resulting in op, a in, ,-, ly i r.M 



rved between the twa groe 
tients with moderate an 
ve not been studied. The i 



in plasma protein binding 
s. The effocts ofserimlinein 



odins 



:d when drug was administered 
u ,™ „ul Jie Cmax was 25% greater, while the time io 
ch peak plasma- concentration (Tmax) decreased from 8 
is post-dosing to 6.5 hours. For the oral concentrate, 
« was slightly prolonged from 5.9 hours to 7.0 hours 

ve first pass me- 



tabolism. The principal initial pathv _ 
■ ^" is N-demethylation. N-desme'thyhiortraline has n 
- • 1 ' " half-life of 62 to 104 hours, 
inenucal ana in vino pharmacological test- 
N-desunethylsertraliho to be substantially 



ia terminal el 



Sertraline hydrochloride is a white crystalline powder that 
is slightly soluble in water nnd isopropyl alcohol, and spar- 
iogly soluble in ethnnol. 

ZOLOFT is supplied for oral administration as scored 
tablets containing sertraline hydrochlorido equivalent to 25. 
50 and 100 mg of sertraline end the following inactive, in- 
gredients: dibasic calcium phosphate dihydrato, D & C Yel- 
low (10 aluminum lakn (in 25 mg tablet), FD & C Blue #1 
aluminum lnke (ia 25 mg tablet), FD & C Red #40 alumi- 
num lake (in 25 mg tablet), FD & C Bine (2 aluminum lnke 



or the administered, radioactiv- 
ity was recovered in urine in 9 days. Unchanged aerirnline 
wris not detectable in the urine. For the same period, it bout 
40-45% or the administered radioactivity was accounted for 
in feces, including 12-14% unchanged sertraline, 
pesmothylsortraline exhibils time-related,. dose dependent 
increases in AUC (0-24 hour), Cmax and Cmin, with about a 
5-9 fold increase in these pfiarmncokinetic parameters be- 
tween day l and day 14. . 

Protein Binding— In uiiro protein binding studies performed 
-nth radiolabeled J H-sertrsJine showed that sertraline is 



ns (98%) in 
o 300 and 200 ng/inL co 
ne and N-deamethylsei 



■highly 



nnd propranolol (sc 



PRECAUTIONS). T 
Pediatric Pharmacokinetics— Sertraline pharmacokinetics 
were evaluated in a group of 61 pediatric patients (29 aged 
G- 12 years, 32 aged 13-17 years) with a DSM-III-H di 
or major depressive disorder or obsessive-oompulsiv 



with caution, ir sertraline is administered lo patients 

m\Ti0N> PHEC ^ OTI0NS ™^ ^"amonr i 

oxcretiwi of unchtinfTf d dru^ in nrine is b minor ranlc of " 
elimination. In vahinteers with mild to nioderalt lCLo=30- - 
60 mlJmin), moderate to severe (CLcr-10-29 mUmto)w» 
vnre Ireccn-ing hf-modinlysis) renal impairment IN=10 each 
Kronp), the phrtrinafukiiielicj nnd protein binding ufMSor 
sertraline per day oiainlaincd for 21 days were not altered 
compared lo ngn-mHlched volunteers (N-12) with di renal 
impairment, Thus sertraline multiple dosn phannaceldnet- 
ics appear lo be unaffected by renal impairment '«e H0S 
CAUTIONS). 



. ,rf ZOLOFT ss 
was established t 
itpatientr, njeollj 



Major Depressive Disorder— The effica l 
treatment Tor major depressive disorder 

DSM-UI criteria "or major depreadve dl 

an 8-week study with tlexihle dosing or ZOLOFT i 
200 mryds 1 
. lay. Sludy 1 
g ZOLOFT doses 
ese studies domoi 

Jl Global Impress 



145 m) 



ok fked- 



nl Ol Depn Rati Ic nnd Hit- Cb 

t readily interprotablo regardiag a dose re- 
...hip for effectiveness. 
Study 3 iir. dived depressed outpatients who bad re>pt»&i! 
by the end of on initial 8-iveek open treatment pbasn ca 
ZOLOFT 50-200 nig/day. These patients (N-295iwr«i». 

' TJ 5 r I p DrtiggK 

as nbsorved for patients laldDe 
plnccbo. The mean dose fur 



ZOLOFT compared to those ,: 
impletcrs was 70 nig/dny. 
nalyses Tor gender onecls an outcn 

Obsessive -Compulsiv 
of ZOLOFT in the tro 
onlticenterplae 



Disorder IOCD1— The effectiveness 
hnent ofOCD was demonstrated ai 



-ore OCD (DSH-III or DSM-III-lt 
tings on the Vale-Brmvn Obsess i 
(1T10CS) total score rnnpinj rroui 23 
Study 1 was an 8-week study wit 
ZOLOFT in a range or 50 to 20o'mg/d. 



>n of 2 points in placcho treated poocnU 



when WelChol* is used in patients with these gastrointes- 
tinal disorders. 
Information for the Patient 

WelChol" moy he taken once per day with a men!, or taken 

be directed to take WelChol® with « liquid nnd a meal, and 
adhere to their NCEP-recommonded diet. Patients should 
tell tbeir physician* 



Serum total-C, LDI^C aad TG levels should be determined 
periodically basod on NCEP guidah'nes to confirm favorable 
initial and adequate long-term responses. 

WelChoI® has been studied in several human drug interac- 



Iproic acid, 
tdAUC ofsii 



valproic acid, and warf 



the liuid-lowuring activity of the HMG-OoA red 
Jitar. Other drags hovo not bean studied. When 
ng other drugs for which alterations in blood lei 



Carcinogenesis, Mutagenesis, Impairment of Fertility 

doses up to 3 g/kg/doy. This dose whs approximately GO 
times the nuurimam recommended human dose of 4.5 e/day, 
based on body weight, rog/kg. There were uo significant 
drug-induced tumor findings in mule or female mice. In a 
104-week carcinogenicity study with calesevelam 
(WelCbol*) in Harlan Sprague-Dnwley rats, n statistically 
significant increase in the iscidence of pancreatic Hciuar coll 
1.2 g/kg/doy (ap- 
proximately 20 times the m 
body weight, mgfltg) (trend 

icant increase in thyroid C-cell adenoma was seen in lemaic 
rats at 2.-1 g/kg/dny (approximately 40 times the maximum 



A stetistically signif- 



Colese 



st aad a 



vnlunted fi 



ts present in the drug sub- 

• " in the Ames 



four degradants and an extract ofthe parent compound did 
not exhibit genetic toxicity in an in vitro bacterial mutagen- 
esis assay in S. lyphimurium and E. coii (Ames assay) with 
or without rat liver metabolic activatioa. An extract of the 
pareut compound was positive in the Chinese Hamster 
Ovary (CHO) cell chromosomal aberration assay in the 




■lor >].m.J< not impair fertility ia rats at doses oi 
3 g"(g/doy (approximately 50 times the maximum r 
dose, based on body weight, mg/kg). 
PREGNANCY 
Prognancy Caleoory B 

Reproduction studies hove been performed in rati on 
bits at doses up to 3 g/kg/day aad I g/kg/day, respts 



ys predictive of hnmaa re 



The safety nnd efficacy ofcali 

Geriatric Use ^ 
There is no evidence for : 
colescvelom (WelChol*) is ad: 
ADVERSE REACTIONS 
WcIChnI e lrcn'mcnt emergen 
in greater thou 2» of patient 



n an sntogToled safety anal- 



RISK CATEGORY 




. .-IChoPi 
or G tablets taken a 
HOW SUPPLIED 
WclCho) 9 (colesevelam hydrocholoride), 



off white crystalline J: 
ater, alcohol, and propylene 
glycol. It'hns a" molecular woifrht of 764.88. 
Each Ambien tablet includes the Miming inactive higredi- 
--'»: hydroxypropyl methylcellulose, lactose, magnesium 
cellulose, polyethylene glycol, r: 



■ 90 mg/dL 

9 mg/dL: LDL- 

; drug optional) 



mlesterol <100 mg/dj, 
triglycerides nnA 
y in this sub. 
iple with 0-1: 
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EXHIBIT D 



ZANIDIP PRODUCT INFORMATION 
(lercanidipine tablets) 



DESCRIPTION 

Lercanidipine hydrochloride. 



Lercanidipine is a dihydropyridine derivative. It is a racemate due to the 
presence of a chiral carbon atom at position 4 of the 1 ,4-dihydropyridine 
ring. 



Chemical name: 3,5-pyridinedicarboxylic acid, 1 ,4- dihydro-2, 6-dimethyl- 
4-(3-nitrophenyl)-2-[(3,3-diphenyfpropyl)methylamino]-1 , 1 -dimethyiethyl 
methyl ester hydrochloride. MW: 648.2 (free base: 611.7). 

Lercanidipine hydrochloride {CAS: 132866-11-6) is a microcrystalline, 
odourless, citrine powder, readily soluble in chloroform and methanol, 
practically insoluble in water. Octanol:water partition coefficient (LogP): 6.4. 

Zanidip tablets also contain the excipients lactose, microcrystalline 
cellulose, sodium starch glycollate, povidone and magnesium stearate. 
The tablets are film-coated with the proprietary ingredients Opadry OY- 
SR-6497 (10 mg-yellow) or Opadry O2-F2-5077 (20 mg-pink). 

PHARMACOLOGY 

Pharmacodynamic Properties 

Lercanidipine is a calcium antagonist of the dihydropyridine group and 
selectively inhibits the transmembrane influx of calcium into cardiac and 
vascular smooth muscle, with a greater effect on vascular smooth muscle 
than on cardiac smooth muscle. The antihypertensive action is due to a 
direct relaxant effect on vascular smooth muscle which lowers total 
peripheral resistance and hence blood pressure. Lercanidipine has a 
prolonged antihypertensive activity because of its high membrane 
partition coefficient. It is devoid of negative inotropic effects and its 
vascular selectivity is due to its voltage-dependent calcium antagonist 
activity. Since the vasodilatation induced by lercanidipine hydrochloride is 
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gradual in onset, acute hypotension with reflex tachycardia has rarely 
been observed in hypertensive patients. 

As for other asymmetric 1 ,4-dihydropyridines, the antihypertensive activity 
of lercanidipine is mainly due to the (S) - enantiomer. 
No significant effects on ECG have been seen. 

Clinical Trials 
Placebo-controlled studies 

Lercanidipine has been compared to placebo in four (4) to 16-week 
studies, involving 671 patients with mild-moderate essential hypertension. 
All studies used a 3-week placebo run-in period. Endpoints were diastolic 
and systolic blood pressure 24 hours post dose. Both 10mg and 20mg 
once daily significantly lowered diastolic and systolic blood pressure 
compared to placebo, and the reduction in blood pressure was 
maintained throughout the 24 hour dosing period. 
Diastolic blood pressure changes observed after 4-week treatment with 
10-20 mg QD lercanidipine ranged between 8 and 13 mmHg, as 
compared to 3-6 mmHg induced by placebo. 
Studies with 24-hour ambulatory blood pressure monitoring have 
documented that the antihypertensive effect of lercanidipine is maintained 
throughout the 24 hour dosing period, with limited variations between 
peak (5-7 hours post dosing) and trough blood pressure changes. 
Active-controlled studies 

Four clinical trials involving 538 patients with mild-moderate essential 
hypertension have compared lercanidipine with nifedipine SR, atenolol, 
hydrochlorothiazide and captopril. Trials included a 2-week washout 
period followed by a 3-week placebo run-in, and 12-16 weeks of active 
treatment. Diastolic and systolic biood pressure was measured 24 hours 
post-dose. Lercanidipine was as effective as the comparator drugs, and 
at least as well tolerated. 24-hour blood-pressure monitoring was used in 
a comparative, cross-over trial of lercanidipine versus amlodipine (n=16). 
The effect of lercanidipine paralleled that of amlodipine throughout the 24 
hour period. 

Patients with Isolated Systolic Hypertension 

The effect of lercanidipine 10-20mg daily on isoiated systolic hypertension 
was studied in a double-blind, randomised, placebo-controlled study in 83 
elderly patients (sitting SBP>160mm Hg and sitting DBP<95mm Hg). The 
study consisted of 1 week wash-out, 3 weeks placebo run-in, and 8 
weeks of active treatment. Systolic and diastolic blood pressure was 
measured 24 hours post dose. Lercanidipine 10 to 20 mg was efficacious 
in towering systolic blood pressure from the initial values of 172.6+ 5.6 
mmHg to 140.2+ 8.7mmHg (mean±SD, per-protocol population in all 
patients completing the whole 8 weeks of double-blind treatment), as 
compared to the changes in the placebo group (from 172.4±6.3 to 
162.8±9.7 mmHg). Therefore, at study endpoint, patients treated with 
lercanidipine experienced a significantly greater decrease (-22.6mm Hg, 
p<0.001) in sitting systolic blood pressure in comparison to placebo. The 
diastolic blood pressure was within normal range. 
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Long-term studies 

In long term studies, 399 patients were followed for 12 months, with dose 
titration allowed every 4 weeks, to 30mg daily. Development of tolerance 
was not seen. The antihypertensive effect was maintained, and the heart 
rate was not significantly affected. A further fall in blood pressure was 
seen after the first and second month, with blood pressure stabilising in 
the third month. The majority of patients remained on 10mg once daily. 

Pharmacokinetics 
Absorption 

Lercanidipine is completely absorbed after oral administration. Peak 
plasma levels of 3.30ng/ml_ + 2.09 s.d and 7.66 ng/mL + 5.90 s.d occur 
1 .5-3 hours after dosing with 10mg and 20mg, respectively. The absolute 
bioavailability of lercanidipine is about 10%, because of high first pass 
metabolism. The bioavailability increases 4-fold when lercanidipine is 
ingested up to 2 hours after a high fat meal, and about 2-fold when taken 
immediately after a carbohydrate-rich meal. Consequently, lercanidipine 
should be taken at least 15 minutes before a meal. 
With oral administration, lercanidipine exhibits non-linear kinetics. After 
10, 20 or 40mg, peak plasma concentrations observed were in the ratio 
1:3:8 and areas under plasma concentration-time curves in the ratio 
1:4:18, showing a progressive saturation of first pass metabolism. 
Accordingly, bioavailability increases as dosage increases. 
The two enantiomers of lercanidipine have a similar time to peak plasma 
concentration. The peak plasma concentration and AUC are, on average, 
1 .2-fold higher for the (S) enantiomer. No in vivo interconversion of 
enantiomers is observed. 
Distribution 

Distribution of lercanidipine from plasma to tissues and organs is rapid 
and extensive. Serum protein binding exceeds 98%. The free fraction of 
lercanidipine may be increased in patients with renal or hepatic 
impairment as plasma protein levels are decreased in these disease 
states. 
Metabolism 

As for other dihydropyridine derivatives, lercanidipine is extensively 
metabolised by CYP3A4. It is predominantly converted to inactive 
metabolites; no parent drug is found in the urine or faeces. About 50% of 
the dose is excreted in the urine. 
Elimination 

The mean terminal elimination half-life of S- and R-lercanidipine 
enantiomers is 5.8±2.5 and 7.7±3.8 hours, respectively. No accumulation 
was seen upon repeated administration. The therapeutic activity of 
lercanidipine lasts for 24 hours, due to its high binding to lipid 
membranes. 
Elderly patients 

In elderly patients, the pharmacokinetics of lercanidipine is similar to that 
observed in the general population. 
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Hepatic Impairment 

A study in patients with mild hepatic impairment (Child-Pugh class A) 
showed that the pharmacokinetic behaviour of the drug is similar to that 
observed in the general population. No studies have been undertaken in 
patients with moderate or severe hepatic impairment. 

Renal impairment 

In patients with severe renal dysfunction (creatinine clearance < 
12ml_/min) or dialysis-dependent patients, plasma levels were increased 
by about 70%. As a consequence, the drug should be contraindicated in 
severe renal impairment. 



INDICATIONS 

Zanidip is indicated for the treatment of hypertension. 



CONTRAINDICATIONS 

• Hypersensitivity to any dihydropyridine or any ingredient of Zanidip; 

• Severe hepatic impairment; 

• Severe renal impairment (creatinine clearance < 12 mL/min). 

• Concomitant treatment of Zanidip with cyclosporin should be avoided 



PRECAUTIONS 
Ischaemic heart disease 

It has been suggested that some short-acting dihydropyridines may be 
associated with increased cardiovascular risk in patients with ischaemic 
heart disease. Although lercanidipine is long-acting, caution should be 
required in such patients. 
Outflow obstruction (aortic stenosis) 

Lercanidipine should be administered with caution in patients with left 
ventricular outflow obstruction (aortic stenosis). 
Congestive heart failure 

In general calcium channel blockers should be used with caution in 
patients with heart failure. Although animal data and acute 
haemodynamic evaluation in patients with preserved left ventricular 
function have not demonstrated that lercanidipine exerts a direct negative 
inotropic effect, safety in patients with congestive heart failure has not 
been established. Therefore, as for other calcium channel blockers, 
lercanidipine should be used with caution in such patients, especially if 
untreated. 

Unstable angina pectoris or within one month of a myocardial 
infarction 

Rarely patients have developed documented increased frequency, 
duration and/or severity of angina on starting calcium channel blocker 
therapy or at the time of dosage increase (particularly those with severe 
obstructive coronary artery disease). The mechanism of this effect has 
not been elucidated, however the possibility of an exacerbation of angina 
and/or cardiac ischaemia exists. It is therefore suggested that the use of 
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calcium channel blockers is not advisable in patients with unstable angina 
pectoris or recent myocardial infarction. 
Carcinogenesis, mutagenesis, impairment of fertility 

No evidence for genotoxic activity was observed with lercanidipine in in vitro 
assays of gene mutation (reverse mutation in S. Typhimurium, forward 
mutation in Chinese Hamster V79 fibroblasts), gene conversion (in 
saccharomyces cerevisiae D4) or chromosomal damage (CHO cytogenetic 
assay). Negative findings were also obtained with lercanidipine in an in vivo 
assay of chromosomal damage (mouse micronucleus test). 
Carcinogenicity studies of lercanidipine (administered via the diet) have been 
performed in rats and mice (18 months), using doses up to 60 mg/kg/day for 
mice and 5 mg/kg/day for rats. Plasma concentrations (AUC) of lercanidipine 
at the highest doses used in these studies were about 2-4 times the highest 
AUC expected in humans during treatment with lercanidipine. Lercanidipine 
showed no evidence of carcinogenic activity in these studies. 
Administration of lercanidipine at oral doses up to 12 mg /kg /day (associated 
with plasma lercanidipine concentration (AUC) about 20-40 times higher than 
the expected human AUC) had no effect in male or female fertility in rat. 
Use in pregnancy: Category C 

There is no clinical experience with lercanidipine in pregnancy, but other 
dihydropyridine compounds have been found to cause irreversible 
malformations in animals. Therefore, lercanidipine should not be 
administered during pregnancy or to women with child-bearing potential 
unless effective contraception is used. 

In animal studies, pregnant rats given lercanidipine orally at doses > 2.5 
mg/kg/day, beginning prior to mating, or 12 mg/kg/day, beginning from 
early gestation, showed signs of distocia and had a increased incidence 
of still births and a lower neonatal survival index. The no-effect dose for 
effects on parturition and neonatal survival was 0.5 mg/kg/day 
(associated with lercanidipine concentration (AUC) about 50% of the 
expected human AUC) when dosing started before pregnancy or 2.5 
mg/kg/day (about 3 times the human AUC) when dosing started during 
early gestation. Administration with lercanidipine at doses of 2.5 
mg/kg/day during gestation also caused a higher incidence of fetal 
visceral abnormalities (mono/bilateral renal pelvic and/or ureteric 
dilatation) and skeletal abnormalities (mainly delayed ossification) at all 
dose levels. A no-effect dose was not established. The effects of 
lercanidipine during pregnancy have not been investigated adequately in 
a non-rodent species. 
Use in lactation 

There is no clinical experience with lercanidipine in lactation. Distribution 
into milk may be expected, due to the high lipophilicity of lercanidipine. 
Therefore, lercanidipine should not be administered to Iactating women. 
Use in the elderly 

Although the pharmacokinetic data and clinical experience suggest that 
no adjustment of the daily dose is required, special care should be 
exercised when initiating treatment in the elderly. 
Use in children 

Due to lack of clinical experience, lercanidipine is not recommended for 
use in patients under the age of 18. 



Solvay Pharmaceuticals 
Zanidip-PI-AUST-161205M 



Zanidip Tablets 
Page 5 of 1 0 



Use in hepatic impairment 

The pharmacokinetics of lercanidipine in patients with mild hepatic 
impairment are similar to those observed in the general population. 
However, there are no studies in patients with moderate hepatic 
impairment and dosage recommendations have not been established. 
Lercanidipine should therefore be used with caution in this patient group 
and careful monitoring undertaken during treatment, since the 
bioavailability and hypotensive effect may be increased. The use of 
Lercanidipine in patients with moderate hepatic impairment should only 
be undertaken if the benefits are considered to outweigh the risks. 
Lercanidipine is contraindicated, in patients with severe hepatic disease. 
Use in renal impairment 

Although the pharmacokinetics of lercanidipine in patients with mild to 
moderate renal impairment are similar to those observed in the general 
population, special care should be exercised when commencing the 
treatment in such patients. The usual recommended dose of 10mg daily 
may be tolerated; however, an increase to 20mg daily should be 
approached with caution. 
Interaction with other drugs 

Lercanidipine has been safely administered with diuretics and ACE 

inhibitors. It may also be administered safely with beta-blockers which are 

eliminated unchanged (such as atenolol). 

Inhibitors or inducers of Cytochrome CYP3A4 

Since the main metabolic pathway of lercanidipine involves the enzyme 

CYP3A4, drugs that inhibit or induce this enzyme have the potential to alter 

the plasma concentration of the compound. 

Therefore, inhibitors of CYP3A4 (such as ketoconazole, itraconazole, 
erythromycin, ritonavir and fluoxetine) may increase the plasma 
concentration of lercanidipine, and such combinations should be used 
with caution. 

When co-administered with CYP3A4 inducers, such as anticonvulsants 
(eg. phenytoin, carbamazepine) and rifampicin, the antihypertensive 
effect of lercanidipine may be reduced and, therefore, blood pressure 
should be monitored when the co-administration is foreseen. 
CYP3A4 and CYP2D6 substrates 

The potential for in vivo inhibition of CYP3A4 by lercanidipine is 
negligible, as confirmed by an interaction study with midazolam in healthy 
volunteers. After repeated co-administration with lercanidipine, midazolam 
(a probe for CYP3A4 activity) was found to be essentially bioequivalent to 
the drug administered alone. However, unless specific data are available, 
caution should also be exercised when lercanidipine is co-prescribed with 
other substrates of CYP3A4 which have a narrow therapeutic index, such 
as cyclosporin, and class III antiarrhythmic drugs (e.g. amiodarone and 
quinidine). 

Co-administration of lercanidipine with cyclosporin resulted in a 3 fold 
increase in the plasma levels of lercanidipine and a 21% increase in the 
bioavailability of cyclosporin. However, when cyclosporin was 
administered 3 hours after lercanidipine, no increase in plasma levels was 
observed for lercanidipine, while the bioavailability of cyclosporin 
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increased by 27%. Therefore, cyclosporin and lercanidipine should not be 
administered together. 

Moreover, interaction studies in humans have shown that lercanidipine 
did not modify the plasma levels of metoprolol, (a typical substrate of 
CYP2D6). Therefore, at therapeutic doses it is unlikely that lercanidipine 
will inhibit the biotransformation of drugs metabolized by CYP2D6. 
These findings confirm that the inhibition of cytochrome P450 isoenzymes 
observed in vitro with lercanidipine is devoid of any clinical significance. In 
vitro experiments with human liver microsomes demonstrated that 
lercanidipine inhibits CYP3A4 and CYP2D6 (IC 5 o of 2.6 urn and 0.8 urn, 
respectively). The IC50 concentrations for CYP3A4 and CYP2D6 are 160 and 
40 fold higher, respectively, than those reached at peak in the plasma after a 
20mg dose. 
Beta-blockers 

When lercanidipine was administered with metoprolol, a beta-blocker 
eliminated mainly by the liver, the bioavailability of metoprolol was not 
changed, while that of lercanidipine was reduced by 50%. Therefore, 
when co-administered with metoprolol, it may be necessary to increase 
the dose of lercanidipine. It is anticipated that a similar effect may occur 
with propranolol. 
Cardiac glycosides 

Co-administration of lercanidipine in patients chronically treated with beta- 
methyldigoxin (a pro-drug of digoxin) showed no evidence of a 
pharmacokinetic interaction. However, patients on concomitant digoxin 
treatment should be closely monitored. 
Clmetidlne 

Concomitant administration of cimetidine 400mg BD does not cause 
significant changes in the plasma levels of lercanidipine: AUC and Cmax 
were increased by a mean of 11%. However, at higher doses caution is 
required since the bioavailability and the hypotensive effect of 
lercanidipine may be increased. 
Simvastatin 

Co-administration of a 20 mg dose of lercanidipine with 40 mg simvastatin 
resulted in no increase in the bioavailability of lercanidipine, however a 
56% increase was observed for simvastatin and a 28% increase for its 
active metabolite p-hydroxyacid. It is unlikely that these changes are 
clinically relevant. However, it is recommended that when required 
lercanidipine be administered in the morning and simvastatin in the 
evening. 

Food 

See previous section on pharmacokinetics. 

The metabolism of dihydropyridines can be inhibited by grapefruit juice, 
leading to increased plasma concentration and hypotensive effect. 
Alcohol should be avoided while taking lercanidipine since it may 
potentiate the effect of vasodilating antihypertensive drugs. 
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ADVERSE REACTIONS 

Treatment with lercanidipine is generally well tolerated. In nine placebo- 
controlled clinical trials with a treatment duration lasting at least 4 weeks, 
582 patients were initially treated with lercanidipine, and 292 patients 
received placebo. Most of the events reported in the studies were related 
to the vasodilatory effects of lercanidipine, and were classified mild- 
moderate in severity. 

Table 1 lists, according to organ system, adverse events that were 
reported in placebo controlled trials in hypertensive patients with 
lercanidipine tablets at an incidence greater than or equal to 1 % in at 
least one of the active treatment groups. 



Table 1 



Adverse Event 


Lercanidipine 
10mg once daily 

(%) 


Lercanidipine 
20mg once daily 
(titrated) 

(%) 


Placebo 

{%) 


CARDIOVASCULAR 








Flushing 


2.6 


2.2 


1.6 


Palpitations/Tachycardia 


1.5 


1.1 


0.3 


BODY AS A WHOLE 








Peripheral oedema 


1.0 


1.1 


0.9 


CENTRAL & PERIPHERAL 








NERVOUS SYSTEM 








Dizziness 


1.0 


0.0 


0.6 


Headache 


4.4 


4.3 


2.5 


LIVER DISORDERS 
GOT increased 


0.0 


1.1 


0.3 



More extensively, over 15500 patients were treated with lercanidipine in 
clinical trials (including PMS studies) with doses from 2.5 mg QD up to 40 
mg QD, and with treatment duration ranging from single dose up to more 
than 1 year. Adverse experiences which were not clearly drug related and 
which occurred in <1 % but >0.1 % of patients are summarized according 
to organ system. 

Cardiovascular: palpitations/tachycard ia . 
Central and Peripheral nervous system: dizziness, vertigo. 
Gastrointestinal: nausea, dyspepsia, abdominal pain, diarrhoea. 
Psychiatric: somnolence. 

General: flushing, asthenia (including fatigue and muscle weakness). 
The following events have been rarely reported: 

Cardiovascular: hypotension, orthostatic hypotension, periorbital oedema, 
anginal pain, myocardial infarction, cardiac failure. 
Respiratory: dyspnoea. 

Central and Peripheral nervous system: migraine, paraesthesia, cramps 
legs. 
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Special senses: taste alteration. 
Gastrointestinal: vomiting, Gl disorder NOS. 
Liver and biliary system: GGT increased. 
Genitourinary: polyuria, urinary frequency, impotence. 
Musculoskeletal: myalgia. 

Skin and appendages: rash, pruritus, allergic dermatitis, hives, sweating 
increased. 

Psychiatric: anxiety, insomnia. 
Metabolic: H y pe rcho teste ro I aemia . 
General: chest pain, malaise. 

Serious adverse events have been reported in clinical trials in less than 
0.002% of the patients. The remaining adverse events have been 
reported as mild to moderate in intensity. 



Laboratory tests 

There were reports of isolated and reversible increases in serum levels of 
hepatic transaminases; no other clinically significant pattern of laboratory 
test abnormalities related to lercanidipine has been observed. 
Lercanidipine does not effect blood sugar or lipid levels. 



DOSAGE AND ADMINISTRATION 

The recommended dose is 10mg once daily, at least 15 minutes before a 
meal. The dose may be increased to 20mg once daily depending on the 
individual response. Dose titration should be gradual, as it may take 
about 2 weeks for the maximal antihypertensive effect to be apparent. 
Titration may proceed more rapidly, however, if clinically warranted, 
provided the patient is assessed frequently. Since it is unlikely that 
increasing the dose beyond 20mg will further improve the efficacy, and 
may be associated with side effects, doses above 20 mg are not 
recommended. Some individuals not adequately controlled on a single 
antihypertensive agent may benefit from the addition of lercanidipine at the 
same doses used in monotherapy to the existing regimen with a beta-blocker, 
a diuretic or an ACE-inhibitor. 

Use in elderly, children, hepatic and renal impairment: see precautions. 



OVERDOSAGE 

There is no experience with lercanidipine overdosage. As with other 
dihydropyridines, overdosage might be expected to cause excessive 
peripheral vasodilation with marked hypotension and reflex tachycardia. 
In case of severe hypotension, bradycardia and unconsciousness, 
cardiovascular and respiratory monitoring will be required, and supportive 
treatment may be necessary. Since lercanidipine is highly lipophilic, dialysis 
is unlikely to be effective. 
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PRESENTATION 

ZANIDIP is available as 10 mg or 20 mg tablets. 

10 mg: Yellow, round, scored, film-coated tablets, containing lercanidipine 
9.4 mg (present as 10mg of lercanidipine hydrochloride). 
20 mg: Pink, circular, biconvex, film-coated tablets, containing 
lercanidipine 18.8 mg (present as lercanidipine hydrochloride 20 mg). 
Packs of 7 or 30 tablets. 



STORAGE 

Store below 30 degrees Celsius. Protect from moisture and light. 

NAME AND ADDRESS OF THE SPONSOR 

Solvay Pharmaceuticals 

A Division of Solvay Biosciences Pty Ltd. 

Level 1 Building 2, 20 Bridge Street, 

PYMBLE NSW 2073 

Tel: (02) 944 00 977 

DATE OF TGA APPROVAL 

Approved by Therapeutic Goods Administration: 16 December 2005 
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